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ness  during  the  winter. 
Whether or not an individual inclines toward skepticism or apprehension I 
regarding space hazards to man's resistance, all will agree that there are i 
great  gaps  in  ocr  knowledge  of  this  area,  and  that  there  is  pressing  need  for 
additional  studies  in  man. 
, .  
) 
Before  proceeding  to  a  review  of  the  literature,  it  should  be  noted  that ! 
this  subject  received  consideration at' an  earlier  Wood's  Hole  conference. 
Dr.  J.  C.  Ross  summarized  the  deliberations,  conclusions,  and  recommendations 
in  a  publication  of  the  National  Academy  of  Sciences - National  Research 
Council.  This  chapter is summarized  below. 
ROSS, J.  C. 
Infection. 
Chapter  17  in  "Physiology  in  the  Space  Environment,  Vol. 11, Respiration. It 
National  Academy  of  Sciences - National  Research  Council  Publication 
1485 B, Washington, D. C.  1967.  Report  of A  Conference  Conducted  By 
The  Space  Science  Board,  NAS-NRC,  Woods  Hole, Mass., June-July 1966. 
Dust  particles,  due  to  zero G, will  accumulate  in  the  cabin  atmosphere, 
and  if a  disseminator  of  pathogens  is  aboard,  high  concentrations  of  infec- 
tious  particles  would  be  expected.  The  author  cites  the  common  military  ex- 
perience when  new recruits  are  first  brought  together;  there  is  an  increase 
in  acute  respiratory  diseases  until  all  the  members  have had, and  are  immune 
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all  the  infections  present  in  the  group. 
Current  knowledge  suggests: 
Microbial  infections  may  be  a  problem  during  prolonged  space  flight. 
Altitude,  cold,  hypoxia,  and  other  stresses  increase  susceptibility  of 
some  animals  to  infection. 
Some  noxious  trace  contaminants (03, NO2)  are known to  increase 
susceptibility. 
Studies  thus far, up  to 56 days  in a  confined  helium-oxygen  environ- 
ment  at  reduced  pressures  have  given no indication  that  man's  suscepti- 
bility  to  infection  is  altered. 
No  immunological  alterations  have  been  found  in  those  studied  before 
and  after  actual  space  flight. 
No changes  in  autoflora  have  thus  far  been  detected. 
Some  effect  of  weightlessness  on  the  airborne  spread  of  infection 
can  be  postulated,  but  actual  studies  have  not  been  conducted. 
Research  is  needed  on  the  effects  of: 
Acceleration  on  susceptibility  to  aspiration  from  the  mouth  and  gums. 
Prolonged  exposure  to  high  concentrations  of  oxygen  at  less  than 
ground  level  pressure,  for  longer  periods  than 68 days. 
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In-flight  studies  are  needed: 
spheres;  effects  of  space  cabin  atmosphere  and  zero-gravity  on  mucocili- 
ary  function  and  resistance  to  infection. 
2. Evaluation of technical  aspects  of  disinfection  or  biological  filtration 
of  cabin  air. 
1. Bacteriological  and  immunological  studies  on  space  crews  and  cabin  atmos- 
General  recommendations: 
flight: 
a. Selection  of  crews  with  similar  immunological  patterns 
b. Isolation  of  crews  in  advance  of  prolonged  space  flight,  to 
1. To prevent  insofar  as  possible  incidence of significant  infections  in 
prevent  exposure  to  new  infection  and  to  allow  cross  immunity  to 
develop. 
for  maintaining  control,  in  the  space  vehicle. 
2. Develop  techniques  for  handling  infections  which  do  occur. 
3 .  Determine  effects  of  respiratory  infections  on  respiratory  function. 
c. Determination  of  microbial  content,  and  development  of  techniques 
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RADIATION AND INFECTION IN SPACE  FLIGHT 
Radiation  effects  on man and  other  species  have  been  studied  extensively 
over  the  past 25 years, Radiobiological  factors  in  manned  space  flight  have 
been  exhaustively  reviewed  by  the  Space  Radiation  Study  Panel  of  the  Life 
Sciences  Committee,  Space  Science  Board.  Their  comprehensive  report  was 
edited  by  Langham  (1967).  The  radiation  environment in the  atmosphere  and 
space  is well  known and  was  recently  reviewed  by  Schaefer (1968) in  a  joint 
report  from  the  Naval  Aerospace Medica'l Institute  and  the  National  Aero- 
nautics  and  Space  Administration. 
Sources of Radiation  Exposure:  Space  radiation  is  derived  from  three 
sources  consisting  of 1) cosmic  (galactic)  radiation, 2) the  Van  Allen radia- 
tion  belts,  and 3) radiation  from  solar  flares. 
Cosmic  radiation i.s apparentlyof  minor  significance,  because  the  observed 
amounts  do  not  exceed 30 to 50 millirads  per  day.  Van  Allen  radiation  is  con- 
fined  to  the  radiation  belts  resulting  from  the  trapping  of  protons  and 
electrons  by  the  earth's  magnetic  field.  These  particles  therefore  travel  in 
closed  trajectories  within  well  defined  limits.  They  may  be  avoided  in  flight, 
or  the  exposure  time  may  be  limited  by  choosing an appropriate  flight  path  or 
by  adequate  shielding.  In  deep  space  ventures  such  belts  need  to  be  penetrated 
only  on  exit  and  reentry.  However,  circular  or  orbital  missions  might  extend 
the  exposure  times  to  unsuitable  length  unless  the  well-recognized  precautions 
are  taken  to  avoid  intermittent  or  continuous  operation  within  a  belt. 
Solar  flares  represent  the  greatest  radiation  hazard  in  the  space  environ- 
ment, because  heavy  fluxes  of  high  energy  particles  are  emitted,  consisting 
of  protons,  alpha  particles,  and  heavy  nuclei.  Flares  occur  at  random  inter- 
vals,  but  most  frequently  during  the  active  phase  of  the  eleven-year  solar 
cycle,  The  magnitude  of  the  dosage  varies  over  a  wide  range,  and  dangerously 
large  flares  are  rare. 
Hazards of Radiation  Exposure:  The  fundamental  damage  produced  by  radia- 
tion  occurs  at  the  molecular  and  cellular  levels,  and  is  dependent on the  dose, 
on the  specific  tissue  involved,  and  on  the  total  volume  irradiated.  The  ef- 
fects  are  either 1) somatic  (early,  and  late  or  delayed)  or 2) genetic.  The 
early  somatic  effects  following an excessive  and  massive  exposure  beyond al- 
lowable  amounts  would  produce  sudden  illness  and  incapacitation,  as  character- 
ized  by  acute  irradiation  sickness.  Such an acute  exposure  would  result  in 
termination  of  any  mission,  and  would  end  with  death  of  the  subject.  Late  ef- 
fects  of  a  lesser  but  still  excessive  exposure  might  allow  completion  of  the 
mission, but  signs  and  symptoms  developing  after  a  delay  could  produce  various 
secondary  effects,  including  the  activation  of  a  normally  latent  infection. 
It  is  with  these  lesser  exposures  tha-t an increase  in  susceptibility  to  in- 
fection  can  occur  from  radiation  alone,  or  in  combination  with  other  stresses 
that  conceivably  could  alter  the  immune  mechanisms of the  body. 
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The  contribution of  infection  to  radiation  mortality  has  been  exten- 
sively  studied in animals.  The  combined  effects  of  leucopenia,  impaired 
phagocytosis,  inhibition  of  antibody  production,  and  -increased  suscepti- 
bility  to  bacterial  toxins  render  the  irradiated  animal  particularly  vul- 
nerable to infection  from  any  outside  environmental  source.  He  may  even 
suffer  bacteremia  by  invasion  from  his own intestinal  microflora. 
Evaluation of Radiation  Hazards:  All  indications  from  animal  data  and 
from  flights  done  to  date are that  radiation  hazards in space  flight  can 
be  controlled  and are of  little  significance  under  present  day  operating 
conditions.  The  effects  of  radiation on the  astronauts  are  no  different 
in space  than  on  earth,  both  as  to  total  effects  and a s  to  susceptibility 
to  infection.  Synergistic  or  additive  effects  of  radiation  combined  with 
those  of  other  stresses,  such  as  cabin  environment,  weightlessness,  hvpoxia, 
and  hyperoxia,  have  yet  to  be  studied  in  detail,  though  Mieszkuc  and  Ehrlich 
(cited  in  next  section)  found  that 300-500.rads  of gamma  radiation  reduced re- 
sistance  of  mice  to &. pneumoniae  but  not  resistance  to  Staph.  aureus. 
Dosimetry  readings  from  Apollo  flights 7, 8, and 9, indicate  that  radia- 
tion  exposure  from  all  sources  on  the  Apollo  missions  was  quite  low  and  that 
shielding  was  adequate.  Skin  radiation  was  insignificant.  Galactic  radia- 
tion  was  low,  about  10  millirads  per  day.  Personal  dosimeter  readings on each 
of  the  astronauts  ranged  from  138  to  211  millirems. 
Conclusion: In space  missions  through  Apollo  11  it  has  appeared  that 
radiation  effects on susceptibility  to  infection  have  been  negligible. So 
long  as  exposures  do  not  exceed  those  in  past  missions,  problems  are  not 
anticipated.  However,  prolonged  lunar  or  Mars  missions  may  be  attended  by 
hazards,  and  unless  adequate  protection  or  precautions  are  provided,  astro- 
nauts  may  be  exposed  to  doses  of  radiation  which  may  be  damaging.  Infection 
of  the  exposed  individual  with  normally  harmless  organisms  may  be  expected 
as an event in  reaction  to  large  doses  of  radiation. 
Arrangement  of  Literature  References  on  Radiation  Effects:  The  proba- 
bility  that  the  effects  of  radiation  in  space  on  man's  susceptibility  to  in- 
fection  are  negligible  has  been  deduced  from  the  background  provided  by  a 
large  number  of  technical  publications.  These  describe  experimental  results 
that  are  of  varying  degrees of pertinence.  Selected  publications are 
classified  in  the  Reference  section i categories  arranged  for  consultation 
by the  reader who needs  experimental  details  in  the  orginal  sources. 
___. ~ ~ 
"~ Classification ~~ by Animal  Subjects:  The  significance of irradiation ex- 
periments  varies  with  the  type  of  experimental  animal  subjected  to  exposure. 
Experiments on  man  are  directly  applicable,  but  are  decreasingly so on 
primates,  larger  mammals,  murid  mammals,  and nommmals, including  lower 
vertebrates  and  invertebrates.  Because  of  relatively  low  cost  and  easy 
availability  of  smaller  mammals,  the  quantity  of  significant  results  from 
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these  increases  in  the  same  sequence.  In  particular  the  massive  experimen- 
tation  with  laboratory  mice  is  informative,  and  merits  judicious  evaluation. 
Therefore,  selected  references  are  noted  or  described  from  each  of  the  animal 
types,  and  are  grouped  as  above  to  indicate  their  relative  pertinence  to  the 
foregoing  interpretation  and  conclusion. 
Radiation  Dose  and DosgBte: Chronic  exposures  to  irradiation  at  low 
rates  have  been  regarded  in  this  study  as an rea  of  particular  interest  de- 
serving  careful  evaluation.  This  is  the  type  of  exposure  that  would  be  im- 
portant  in  the  space  environment  if  a  subtle  or  unexpected  reduction  in  infec- 
tion  resistance  resulted.  Chronic  low  level  radiation  exposure  is  not  a  com- 
monplace  stress  in  earthbound  populations. In prolonged  space  travel,  it 
might  be  a  hazard  unless  protective  measures  were  provided. On the  other  hand, 
acute  exposures  at  high  rates  and/or  high  doses  induce  well  recognized  and 
highly  undesirable  physiological  responses.  Such  an  exposure  on  a  space  mission 
would  presumably  dictate  immediate  corrective  action  or  cancellation  of  the 
mission,  independently  of  post-exposure  dangers  of  infection.  Therefore, we 
have  separated  the  source  reports  into  the  subgroups of Acute  or  Chronic  ex- 
posures.  Reports of experiments  with  acute  exposures  have  been  examined  with 
emphasis  on  a  search  for  unusual  or  unexpected  results  that  might  infer  en- 
hanced  danger  of  infection  even  with  lower  dose  rates  or  long-term  chronic 
exposures, 
Selection  of  Individual  References:  The  preponderance  of  published  in- 
formation  and  the  general  body  of  clinical  experience  supports  the  interpre- 
tation  we  have  drawn  after  extensive  examination  of  the  literature.  It  has 
seemed  unnecessary,  however,  to  list  all  the  references  consulted  for  this 
review  and  evaluation,  simply  as  evidence  of  diligence.  We  have  chosen  in- 
stead  to  present  in  each  category  a  few  selected  references  with  brief an-
notations  of  part  of  the  significant  content.  Where  there  are  contradictions, 
we have  attempted  to  cite  both  positive  and  negative  reports  without  commend. 
Our conclusions  in  the  body  of  this  report  are  thus  not  repeated  in  the 
annotations. 
The  annotated  references  in  each  category  are  backed  up  by  additional 
citations  giving  only  the  title  of  the  published  article  as  well  as  its  source. 
These  references  are  generally  confirmatory,  although  in  many  cases  the 
titles  are  useful  also  to  identify  the  wide  variety  of  infective  agents  used 
to  challenge  the  irradiated  subjects. 
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A  review  of  studies  concerning  increased  susceptibility  of  irradiated  animals 
to  experimental  infections.  The  diversity  of  susceptible  animal  species 
tested,  as well as  the  variety of etiologic  agents  used  is  described.  In- 
creased  susceptibility  after  irradiation  is  shown  not  only  to  many  pathogenic 
bacterial,  viral,  fungal,  rickettsial,  helminthic  and  protozoan  agents,  but 
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such  as  Escherichia coli and  Proteus x., which  became  pathogenic  and  in- 
duce  fatal  infections  of  the  irradiated  host.  The  effects  of  radiation  that 
may contribute  to  increased  susceptibility  are  numerous,  including  such  fac- 
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suppression  of  bone  marrow  and  lymphatic  tissue  elements, (3) inhibition  of 
antibody  production, ( 4 )  altered  activity of the  fixed  and  wandering  phago- 
cytic  cells,  and (5) the  impairment of lymphatic  blockade  and  of  the  screening 
action  of  liver  and  spleen.  To  determine  which of these  mechanisms,  or  what 
combination  of  them,  may  be  responsible,  it  is  important  to  establish  quantita- 
tive  relationships  between  two  factors-the  degree  to  which  irradiation  affects 
susceptibility  to  infection  and  the  post-irradiation  time  interval  required 
for  such  susceptibility  to  reach  maximum. 
Shilov, V. M.: The Epidemiological  Significance  of  a  Disturbance  of  Immunity 
During  Infection  by  Ionizing  Radiation.  Voenno-Med.  Zh.,  no.  11,  1962, 
pp  29-33. 
Decrease  in  the  resistance  of  the  organism  to  infection  during  radiation 
sickness  occurred  as a  result  of  a  decrease in the  phagocytic  capability  of 
the  leukocytes  and  the  cells  of  the  reticulo-endothelial  system  and  a  decrease 
in the  bactericidal  properties  of  blood  as  a  result  of  inactivation  of  proper- 
din.  Tie  development  of  autoinfection  in  radiation  sickness  cannot  be  ex- 
plained  by  the  increase  in  the  permeability  of  the mucosa, as these  phenomena 
frequently  do  not  correspond  in  time.  Inborn  immunity  evidently  remains  es- 
sentially  unchanged  under  the  effect  of  radiation  sickness.  A  disruption  of 
artificial  immunity  was  manifested  by an almost  complete  cessation  of  anti- 
body  formation,  when  antigen  was  introduced  into  the  organism  after  irradia- 
tion.  If  radiation  affects a process  of  immunogenesis  already  begun,  almost 
no decrease  in  antibody  elaboration  is  observed.  Radiation  has  the  following 
effects  on  a  pre-existant  disease:  more  forms  of  the  disease  proceed  with 
greater  severity  or  atypically;  chronic  processes  are  exacerbated;  and  the 
significance  of  seriological  methods  of  diagnosis  and  allergic  reactions  are 
lost.  Under  these  conditions,  bacteriological  diagnosis  with  the  isolation 
of a pure  culture  is  of  basic  significance. 
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Specif ic  Studies  on Radiat ion Hazards in  Space 
Conard, R. A.:  Hematological  Effects  of  Space  Radiation. BNL-10221, 1965. 
Ava i l ab le  da t a  on  the  hemato log ica l  e f f ec t s  of  space radiat ion on man are 
reviewed. The d a t a  i n d i c a t e  t h a t  t h e  bone  marrow is, under  most circum- 
s t a n c e s ,  t h e  most c r i t i c a l  organ for  damage from r a d i a t i o n .  The blood form- 
i n g  t i s s u e s  p o s s i b l y  do not have the regenerative or renewal capacity that 
t he  gas t ro in t e s t ina l  ep i the l ium has ,  and  w i l l ,  i n  most cases, be t h e  limit- 
ing  f ac to r  fo r  su rv iva l .  Neu t roph i l  and p l a t e l e t  l e v e l s  w i l l  be of primary 
importance i n  r e g a r d  t o  t h e  f i t n e s s  and surv iva l  of  the  as t ronaut  f rom the  
hematological point of view. Peripheral  blood counts ,  both pre-f l ight  and 
i n - f l i g h t ,  f o r  t o t a l  w h i t e  ce l l  count (with neutrophil and lymphocyte levels) 
o f f e r  t he  bes t  i ndex  o f  p rognos i s  from the  po in t  of view of hematopoietic 
damage.  Lymphopenia  must be  in te rpre ted  wi th  caut ion ,  s ince  dose  d is t r ibu-  
t i o n  p a t t e r n s  and a b s c o p a l  e f f e c t s  from p a r t i a l  body i r r a d i a t i o n  may g ive  
lower values than indicative of general  bone marrow  damage.  The  development 
o f  f eve r ,  i n fec t ion ,  b l eed ing  a re  s igns  o f  s eve re  bone  marrow  damage.  Abor- 
t i on  o f  a mission is indicated if any accumulated whole body dose of radia- 
t i on  o f  g rea t e r  t han  150 r a d s  i n  a 48 hour period occurs;  white blood counts 
drop below 2000 cel ls  per  cubic  mm and neu t roph i l s  below 1000 cel ls  per  
cubic  mm; or  i f  a s soc ia t ed  f eve r ,  i n fec t ions ,  o r  b l eed ing  occur .  Very l a r g e  
d o s e s  o f  p a r t i a l  body r a d i a t i o n  may be  to l e ra t ed  wi thou t  l e tha l  dep res s ion  
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of c i rcu la t ing  b lood  cel ls .  Shie ld ing  par t  of t h e  bone marrow may be an 
impor tan t   fac tor   in   p revent ing   se r ious   hemato logica l   depress ion .  It is 
recommended tha t  se r ious  cons idera t ion  be  g iven  to  provid ing  sh ie ld ing  of 
p a r t  o f  t h e  bone  marrow  of t h e  a s t r o n a u t .  A lead apron over  the pelvic  
r eg ion  would sh ie ld  about  40% of h i s  bone marrow, and he could then with- 
s tand  cons iderably  la rger  doses  of r ad ia t ion  to  the  r ema inde r  of h i s  body. 
The dose rate and depth-dose dis t r ibut ion pat terns  of  space radiat ion are 
t h e  mos t  impor t an t  phys i ca l  cons ide ra t ions  in  de t e rmin ing  to t a l  bone marrow 
damage.  High p r o t o n  f l u x  i r r a d i a t i o n  a s s o c i a t e d  w i t h  s o l a r  f l a r e s  p r e s e n t s  
t h e  most s e r ious  r ad ia t ion  haza rd .  Based  on l imi t ed  da ta ,  t he  qua l i t y  of 
r a d i a t i o n  d e l i v e r e d  t o  t h e  bone marrow does not appear to  present  any  
spec ia l  haza rds ,  s ince  the  RBE appears  to  be  about  1 or  on ly  s l i gh t ly  above  
f o r  mos t  space  r ad ia t ions  tha t  pene t r a t e  t o  the  dep th  of t h e  bone marrow. 
Dalrymple, G. V . ;  and  Lindsay, I. R.:  Protons  and  Space Travel: An In t ro-  
duct ion.   Radiat ion R e s . ,  vo l .  28, no. 1, May 1966, pp 365-371. 
The r a d i a t i o n s  found in  space can be grouped into four  major  categories:  
(1) elec t romagnet ic   rad ia t ions ,  ( 2 )  e l ec t rons ,  (3) protons,  and ( 4 )  nuc le i  
of  elements  with  atomic number ( Z  number) grea te r  than  1. The e lec t rons  and  
e lec t romagnet ic  rad ia t ions  have  suf f ic ien t ly  low energy (and subsequently 
low pene t r a t ion  power) tha t  they  do  n0.t represent  a g r e a t  h a z a r d  t o  t h e  
occupant of a space vehicle  as  long as  he remains inside,  because the shield-  
ing provided by the vehicle walls would be  th i ck  enough to  abso rb  these  r ad i -  
a t i o n s .  The protons and heav ie r  nuc le i ,  however,  do  represent a very  real  
danger because a l a r g e  number of them have  suf f ic ien t  energy  to  pene t ra te  the  
t h i c k e s t  s h i e l d i n g ,  e i t h e r  a v a i l a b l e  now o r  p l anned  fo r  yea r s  t o  come. Of 
t h e s e  p a r t i c l e s ,  t h e  p r o t o n s  are by f a r  t h e  most hazardous to  the  space  t r av -  
eler because  of  the  weight of t h e i r  numbers. Of a l l  the  cha rged  pa r t i c l e s  
(excluding electrons)  found in  space,  the protons make up w e l l  over 90%  of 
t h e  t o t a l .  A v a i l a b l e  d a t a  on t h e  o r i g i n  of  protons in  space and t h e  reac- 
t i o n s  o f  p r o t o n s  i n  t i s s u e  are reviewed. The b i o l o g i c a l  e f f e c t s  of t h e  com- 
plex space proton spectrum are discussed.  
Dodge, C. H . ;  and  Smith, J .  L . :  The Ef fec t  of  Space  Flight  Factors  on  Central  
Nervous  System  Functions.  Surveys of Fore ign  Sc ien t i f i c  and Technical 
L i t e r a t u r e .  ATD-66-99; TT-67-60029;  AD-642186,  Aug. 4 ,  1966. 
The r e p o r t  summarizes 16 a r t ic les  which  concent ra te  heavi ly  on  the  i so la ted  
and  combined e f f e c t s  of a c c e l e r a t i o n  and rad ia t ion  on  mammals. T i t l e s  are 
as f o l l o w s :  e f f e c t  o f  r a d i a l  a c c e l e r a t i o n s  on b ra in  t empera tu re ;  e f f ec t  
o f  cen t r i fuga t ion  on o t o l i t h  f u n c t i o n ;  e f f e c t  of v i b r a t i o n  on cerebrospina l  
r e f l e x e s ;  e f f e c t  o f  v e r t i c a l  v i b r a t i o n  and noise  on condi t ioned ref lexes;  
changes i n  c e r e b r a l  b i o e l e c t r i c i t y  and oxygen metabolism; e f f ec t  o f  v ib ra -  
t i o n  and ana lyzer  exc lus ion  on brain metabolism; cerebral oxygen metabolism, 
b i o e l e c t r i c i t y ,  and cond i t ioned  r e f l ex  ac t iv i ty  du r ing  v ib ra t ion ;  r e sp i r -  
a tory changes during vibrat ion;  x-ray effect  on cerebral  venous f low; com- 
p a r a t i v e  e f f e c t  of neutron, proton, and gamma i r r ad ia t ion  (300  r ad ) ,  compar- 
at ive e f f e c t  of neutron and gamma i r rad ia t ion  (25  rad) ;  compara t ive  e f fec t  
of neutron,  proton,  and gamma i r r a d i a t i o n  (150 rad);  comparat ive effect  of  
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chronic  and a c u t e  gamma i r r a d i a t i o n  and nervous act ivi ty;  effect  of  prolonged 
gamma i r r a d i a t i o n  o n  v e s t i b u l a r  f u n c t i o n ;  combined e f f ec t s  o f  v ib ra t ion  and  
c h r o n i c  i r r a d i a t i o n  o n  v e s t i b u l a r  f u n c t i o n ;  combined e f f e c t s  of v i b r a t i o n  and 
ion iz ing  rad ia t ion  on  condi t ioned  re f lexes .  
Republic  Aviation  Corp.:   Solar  Flare Hazard to  Earth-Orbi t ing  Vehicles .   Final  
Report. NASA-CR-66202, Apr. 11, 1966. 
The objec t  of  th i s  s tudy  has  been  to  ca lcu la te  the  pr imary  rad ia t ion  inc i -  
dent  on  ear th-orb i t ing  vehic les  dur ing  a s o l a r  f l a r e .  The e f f e c t s  of t h e  
ear th 's  geomagnet ic  f ie ld  have been taken into account ,  as w e l l  as those  of 
a per turb ing  f ie ld  due  to  the  geomagnet ic  s torm assoc ia ted  wi th  a s o l a r  
f l a r e .  Simple  earth shadow e f fec t s   have   a l so   been   t aken   i n to   accoun t .  Using 
th i s  p r imary  r ad ia t ion  as source  func t ion ,  dose  rates f o r  g i v e n  o r b i t s  are 
then  ca lcu la ted  us ing  a computer rou t ine .  Dose rates are computed f o r  t y p i c a l  
o r b i t s  w i t h i n  a t y p i c a l  v e h i c l e  f o r  t h e  s o l a r  f l a r e s  of February 23, 1956 and 
November 12 , 1960. 
Schofield,  W. M . ;  Smith, E. C . ;  and H i l l ,  C .  W . :  Shielding  Problems i n  Manned 
Space  Vehicles. NASA-CR-68578, Dec. 1962. 
The hazards  of  so la r  flares t o  manned s p a c e  f l i g h t s  are reviewed. It is  
shown tha t  space  r ad ia t ions  inc iden t  on  material shields produce secondary 
r a d i a t i o n s  which may r iva l  or  exceed the dose due to  pr imary radiat ions.  
Methods of ca l cu la t ing  r ad ia t ion  t r anspor t  t h rough  sh ie lds  are discussed, and 
the  r e su l t s  o f  s ample  ca l cu la t ions  are presented.  An a n a l y s i s  of e l e c t r o n  
bremsstrahlung produced by e l e c t r o n s  i n  t h e  n a t u r a l  r a d i a t i o n  b e l t s  shows 
t h a t  t h i s  component is small compared to  the  p ro ton  dose  fo r  e scape  mis s ions .  
However, t h e  e l e c t r o n s  r e s u l t i n g  from nuclear weapon b u r s t s  may possess ener- 
g i e s  of seven MeV o r  h ighe r ;  t hus ,  pene t r a t ing  e l ec t rons  may be  impor tan t  for  
t h in ly  sh i e lded  veh ic l e s .  It is concluded ,  therefore ,  tha t  i t  would be  de- 
s i r eab le  to  deve lop  t r anspor t  methods f o r  e l e c t r o n s  i n  t h i s  e n e r g y  r a n g e .  
Langham, W. H . ,  ed . :   Radiobio logica l   Fac tors   in  Manned Space  Flight.   National 
Academy of Sciences, National Research Council, Publ. 1487, 1967. 
Schaefer,  H. J . :  Comparative  Evaluation of the  Radiation  Environment  in  the 
Biosphere and i n  Space, NAMI-1054, Dec. 1968. 
I r r a d i a t i o n  of Human Subjec ts  
F i o r i n i ,  M . ;  and Zi roni ,  A . :  Phenomena of  Immunization  and  Irradiation of t h e  
Spleen.  Strahlentherapie,   vol.   4,   1915, pp 457-465. 
Fa i lu re  to  in f luence  the  cour se  of  lung  tuberculos is  in  man by spleen- 
i r r a d i a t i o n  w i t h  small dosqs is  repor ted .  
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Gremmel, Helmut;  and  Schulte-Brinkmann,  Wolfgang:  Existence of a Causal 
Rela t ionship  Between Radiation  Therapy  and  Herpes  Zoster.  Strahlentherapie, 
vol.  130, May 1966, pp 57-72. 
Twenty-four cases of herpes zoster (0.36%) were observed among 6,655 cancer 
p a t i e n t s  t r e a t e d  d u r i n g  t h e  y e a r s  1958 t o  1964.  With  one  exception, treat- 
ment  with ionizing radiat ion preceeded the erupt ion of the  herpes  zos te r .  
A p o s i t i v e  c a u s a l  r e l a t i o n s h i p  between r ad ia t ion  the rapy  and zos t e r  activa- 
t ion could not be found. The zos te r  inc idence  rate i n  i r r a d i a t e d  p a t i e n t s  
w a s  not  higher  when compared t o  t h e  n o n - i r r a d i a t e d  p a t i e n t s  w i t h  malignomas. 
Gribova, I. A. :  General  Nonspecific  Immunological  Reactivity i n  P e r s o n s  
Working in  Cond i t ions  -of Chronic  Action of Ionizing Radiation. Med. Radiol. ,  
vo l .  11, no.  9,  Sept.  1966, pp 74-78. 
Immunological r e a c t i v i t y  was s tudied  by an intradermal  test with antihuman 
serum. In  persons  working  in  condi t ions  of i o n i z i n g  r a d i a t i o n  i n  d o s e s  n o t  
exceeding the maximally permissible levels,  no e s s e n t i a l  changes w e r e  ob- 
served in  the general  immunological  react ivi ty .  
Lushbaugh, C.  C . ;  Hofs t ra ,  R . ;  Roth, R .  E . ;  and  Andrews, G. A. :  Radiosensi- 
t i v i t y  i n  Man: A Study Based  on Therapeutic and Accidental Exposure. 
Oak Ridge I n s t .  of  Nucl.  Studies Med. Div. R e s .  Rept. Year Ending 31 Dec. 
1964.,  1964, pp 128-131. 
The c a s e  h i s t o r i e s  of 94 p a t i e n t s  who had rece ived  to ta l -body i r rad ia t ion  
in  the  course  of  therapy ,  or  as a r e s u l t  of a c r i t i c a l i t y  a c c i d e n t ,  were 
encoded and processed to determine the incidence of anorexia,  nausea,  and 
vomiting. The p a t i e n t s  were divided into five dosage groups for which 
geometric mean doses of 49.6, 105.2, 300, 370.3 and 540.5 I: were determined, 
The percentage of cases i n  each group that showed anorexia ,  nausea,  and 
vomiting are shown. Probabi l i ty  ana lyses  were then done with these data 
t o  estimate t h e  t o t a l  body i r rad ia t ion  dose  requi red  to  produce  the  par t icu lar  
r e sponse  in  50% of t h e  p a t i e n t s .  The r e s u l t s  a r e  p r e s e n t e d  i n  t a b u l a t e d  
form. The va lues  are expressed as common logar i thm to  def ine  the  s tandard  
dev ia t ions  of t h e  estimates, and the  mid l ine  air dose (roentgens) ,  and the 
absorbed   dose   ( rads)   to   the   gas t ro in tes t ina l  t rac t .  These r e su l t s   appea r  
t o  i n d i c a t e  t h a t ,  if it  i s  t rue  tha t  the  chance  of  an  as t ronaut  in  space  
r e c e i v i n g  1 0  r a d s  t o  t h e  abdomen is less than one in  1000,  the chance that  
radiation-induced severe nausea and vomiting w i l l  occur i s  less than 
1:1000,000. 
Osgood, H. A , :  The treatment  of  Acute  and  Chronic  Inflammatory  Conditions by 
F rac t iona l  Doses  of X-ray. Radiology,  vol.  32,  1939, pp 311-314. 
From c l in i ca l  expe r i ence ,  f r ac t iona l  doses  (20-50 r )  of x-radiation given 
d a i l y  are more beneficial  than s ingle  larger  doses .  Exacerbat ions fol lowing 
large doses can be avoided by f r a c t i o n a t i n g  t h e  t o t a l  d o s e .  
11 
Petrov, R. V.: Exogenous  Infections  in  Animals  Suffering  from  Radiation  Sick- 
ness.  Usp.  Sovrem.  Biol.,  vol. 46, no. 1, 1958, pp 48-61. 
In some  infections  (herpes in humans),  irradiation  may  cause  activation  of 
a latent  or  chronic  infection. 
Andrews, G. A,; Sitterson, B.  W.;  and  Nelson,  B. M.: Infections  in  Patients 
Exposed  to  Total-Body  Irradiation.  Oak  Ridge  Inst.  of  Nucl.  Studies.  Med. 
Div.  Res.  Rept.  Year  Ending  Dec. 31, 1964.  1964, pp 11-13. 
Bond, V. P.: The  Role  of  Infection  in  Illness  Following  Exposure to Acute 
Total-Body  Irradiation.  Bull. N. Y. Acad.  Med.,  vol. 33,  1957, pp 369-374. 
Evans,  R.  W.:  The  Antibody  Response  in  Cases  of  Radiation  Lymphopenia  and  in 
the  Reticuloses.  J.  Path.  Bact.  vol. 60, 1948, pp 123-130. 
Klemparskaya, N. N.; and  Shal'nova, G. A.: Autoflora as an Indicator  of 
Radiative  Injury  of  an  Organism.  Izdatel'stvo  Meditsina,  1966. 
Marder, B.  B.: Antibody  Production  in  Workers  in  X-Ray  Departments.  Med.  Radiol. 
vol. 6, no. 1, Jan.  1961, pp 13-15. 
Okunewick, J. P.: The  Relationship  Between  Post-Irradiation  Recovery  and  Equiv- 
alent  Residual  Dose.  Med.  Radiol.,  vol. 6, no. 1, Jan.  1961, pp 13-15. 
Smith, J. C.: Radiation  Pneumonitis. A Review. Am. Rev.  Respir.  Dis.  vol. 87, 
1963, pp 647-655. 
12 
I r r a d i a t i o n  of Pr imates  
Dalrymple, G.  V. ;  Lindsay, I. R.;  Ghidoni, J .  J . ;  Hall, J. D.;  Mi tche l l ,  J. C . ;  
Kundel, H. L. and  Morgan, I. L.:  Some E f f e c t s  of 138-Mev Protons on 
Primates .   Radiat ion R e s . ,  vol.  28,  no.  2,  June  1966,  pp. 471-478. 
A t o t a l  of 102 primates (Macaca mulat ta)  were i r rad ia ted  wi th  spaced  doses  
of 138-Mev protons  ranging  from  105  to  1220  rads.  Changes ind ica te   an  B E  of 
1 f o r  138-Mev protons as compared t o  2-Mev x rays.  The only  f ind ings  tha t  were 
s i g n i f i c a n t l y  d i f f e r e n t  b e t w e e n  t h e s e  q u a l i t i e s  of r a d i a t i o n  were c l i n i c a l .  
Considerably more pronounced s igns  of g a s t r o - i n t e s t i n a l  i n j u r y  and hemorrhage 
were produced by 138-Mev protons as compared to  equ iva len t  doses  of 2-Mev 
x rays.  
Dalrymple, G .  V. ;  Lindsay, I. R . ;  Ghidoni, J. J . ;  Mi tche l l ,  J.  C. and  Morgan, 
I. L.: Some E f f e c t s  of 400-Mev Protons on Primates .   Radiat ion R e s . ,  vo l .  
28,  no.  2,  June  1966,  pp. 507-528. 
F indings  ind ica te  tha t  the  e f fec ts  produced  by the  pro tons  are v i r t u a l l y  
ident ica l  to  those  produced  by equivalent does of 2-Mev x-rays. The only 
d i f f e r e n c e s  i n  r e s p o n s e  were c l i n i c a l ;  r e l a t i v e l y  more i n t e n s e  g a s t r o i n t e s t i n a l  
and hemorrhagic  s igns occurred af ter  proton i r radiat ion than af ter  similar 
doses of x-rays. 
Dalrymple, G.  V . ,  Lindsay, I. R . ;  Ghidoni, J .  J . ;  Mi tche l l ,  J .  C.  and  Morgan, 
I. L.:  Estimate of t he  B io log ica l  E f fec t s  of the  Space  Proton  Environment. 
Radiat ion R e s . ,  vol.  28,  no. 2 ,  June  1966,  pp. 548-566. 
S m a l l  primates (Macaca mula t ta )  were i r r a d i a t e d  w i t h  r e l a t i v e l y  low doses 
(25 t o  400 rads)  of e i t h e r  55- o r  250-Mev protons.  The biological  changes 
which were demonstrated were d i r e c t l y  r e l a t e d  t o  t h e  d e p t h  of pene t r a t ion  of 
the  pro tons  as  w e l l  a s  t o  t h e  s i z e  of the doses .  A summary of t h e  r e s u l t s  of 
t he  p re sen t  and p r i o r  s t u d i e s  is presented,  together  with some published phys- 
i ca l  measurements  of  the  space  proton  spectrum.  Predictions of t h e  b i o l o g i c a l  
e f f e c t s  of the  pro tons  on man as  a space  t r ave le r  a r e  g iven .  In  gene ra l ,  t he  
e f f e c t s  produced by protons are very s imilar  to  those produced by supervol tage 
e lec t romagnet ic  rad ia t ions ,  when allowance i s  made f o r  depth-dose distribution. 
Dzhikidze, E.  K . ;  and  Aksenova, A.  S. :  The Inf luence  of Low Doses of Ioniz ing  
Radiat ion  on  the  Course  of   Dysenter ic   Infect ion.  Med. Radiol. 
vol.  4,  no.  4,  April  1959,  pp. 44-50. 
Monkeys, c a r r i e r s  of d y s e n t e r i c  b a c t e r i a  f o r  a long per iod of time, were 
sub jec t ed  to  x - i r r ad ia t ion  in  the  dose  of 5 t o  7 r d a i l y  ( u n t i l  t h e i r  d e a t h ) .  
The animals  died in  7 t o  14 months,  the total  dose being 785 t o  2060 r. The 
cause of the  animals '   death w a s  due to  in fec t ious  compl i ca t ions :  ac t iv i za t ion  
of l a t e n t  d y s e n t e r y  i n  macaco, and pneumonia and l a r y n g i t i s  is baboons. 
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Dzhikidze , E .  IC. ; and Aksenova, A. S . : Vaccination of llonkeys Against Gas 
Gangrene Caused by 2. perfr ingens-  Under Conditions of Extended I r r a d i a t i o n . ,  
Zh. Mikrobiol.  Epidemiol.  Immuniobiol.,  no. 1, Jan.  1963,  pp.  132-137. 
The authors  s t u d i e d  t h e  e f f e c t  of i r r a d i a t i o n  i n  s m a l l  d o s e s ,  r e p e a t e d  o v e r  
long per iods,  on t h e  n a t u r a l  r e s i s t a n c e  and active immunization of 24  monkeys 
(Macacus rhesus)   infected  with  gas   gangrene.  Two-to six-year  old  animals 
were i r r a d i a t e d  w i t h  CO6O f o r  18 t o  20 months i n  da i ly  doses  of 1.17 - 1.34 r . 
The in tegra l   dose  was 519 - 600 r .  Canclusions: S m a l l  doses of i r r a d i a t i o n  
over  long periods do not  reduce  res i s tance  to  z. perfr ingens,  but  even seem 
t o  s t i m u l a t e  i t .  Immunogenesis is  not  a f fec ted  by in tegra l  doses  of  500 - 
580 r ,  but  a s l i g h t  n e g a t i v e  e f f e c t  becomes ev ident  wi th  600 r .  
S ta s i l ev ich ,  2. K.: The Course  of  Acute I n t e s t i n a l  I n f e c t i o n s  i n  Monkeys During 
the Action of Ionizing Radiat ion. ,  Med. Radiol .  vol .  8, no. 4 ,  Apr. 1963,  pp. 
53-57. 
Suble tha l  x i r r a d i a t i o n  on monkeys e l e v a t e d  s u s c e p t i b i l i t y  t o  p a r a t y p h o i d  B 
fever ;   however ,   the   infect ious  process  was no t  aggrava ted .  I r r ad ia t ion  of 
animals with a similar dose  aggrava ted  the  infec t ious  process  in  Heide lberg’s  
sa lmonel los i s .  In  monkeys w i t h  c o l i e n t e r i t i s  t h e  above  dose  did  not  influence 
t h e  n a t u r a l  immunity of animals t o  t h i s  d i s e a s e .  
Lindsay, I. R . ,  Dalrymple, G.  V . ;  Ghidoni, J .  J . ;  Mi tche l l ,  J.  C . ;  and  Morgan, 
I. L . :  Some Ef fec t s  of 55-Mev Protons on Primates .   Radiat ion Res., V O ~ .  28, 
no. 2,  June  1966,  pp. 446-464. 
Kundel, H. L . :  E f fec t  of  High-energy Proton Irradiat ion on the Cardiovascular  
System of t h e  Rhesus Monkey. Radiat ion Res., vo l .  28,  no.  2,  June  1966, 
pp.  529-537. 
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Chronic-Ir-radiation of Larger Animals 
Clapper,  W. E . ,  Sanchez, A.;  and  Levy, J . :  Immune Response t o  a Secondary 
Stimulus With Le  t o s  i r a  c a n i c o l a  and Infec t ious  Canine  Hepat i t i s  in  
Beagles  Exposed t o  SR LF-29, June  1966. ( a c )  
Beagle dogs were immunized with commercially prepared vaccines of Leptospira 
canico la  and  infec t ious  canine  hepat i t i s ,  Hal f  se rved  as  cont ro ls  and h a l f  
were allowed t o  i n h a l e  a e r o s o l i z e d  particles of SrgO, one, two and seven days 
before  booster  inject ions of  the ant igens.  Secondary responses  to  both 
an t igens  were depressed from 40-50 percent of peak titers i n  c o n t r o l  a n i m a l s .  
The peak t i ter  was reached for  both ant igens within 11 days i n  b o t h  c o n t r o l  
and exposed dogs.  Irradiated beagles recovered the abil i ty to respond to 
ano the r  boos t e r  i n j ec t ion  f ive  months la ter .  
Draper, L. R.: The  Hemolysin  Response i n  R a b b i t s  Immunized During  Low-level 
Cobalt-60 Gamma I r r a d i a t i o n .  J. Infect.   Diseases,   vol.   107,  1960, pp. 34-42. 
Rabbits were exposed 17 to 147 days to continuous low-level y-radiation from 
a c e n t r a l  C060 -source a t  a d o s e  r a t e  of 11 r during 16 hours per day before  
a s i n g l e  i . v .  i n j e c t i o n  of sheep red  ce l l s t romata ;  wi th in  4 h o u r s  a f t e r  a n t i -  
gen  admin i s t r a t ion ,  r ad ia t ion  was resumed a t  t h e  same dose rate and continued 
f o r  5 weeks.  Induction period and values  of peak titers remained unaffected 
by radiation, whereas peak titers i n  most Cases were reached up t o  6 days la ter  
i n  rabbi ts  exposed t o  a t o t a l  d o s e  of above 1000 r as compared t o  n o n i r r a d i a t e d  
cont ro ls  or  an imals  rece iv ing  smaller doses. 
Dzhikidze, E.  K . ;  and  Aksenova, A. S .  The Influence  of  Repeated  Irradiation on 
Antibody  Formation in   Rabb i t s .  Med. Radiol.,   vol.  9,  no.  9,  Sept.  1964, 
pp. 72-75. 
Rabbits were s u b j e c t  t o  d a i l y  i r r a d i a t i o n  i n  a dose of 4 t o  5.2 R f o r  3 t o  
18 months. No func t iona l  d i s turbances  of an t ibody format ion  in  response  to  
th ree  in t roduc t ions  of paratyphus vaccine in  increasing doses  were ev ident .  
A p a r t i a l  i n h i b i t i o n  of immunogenesis was noted  dur ing  da i ly  i r rad ia t ion  
wi th  a dose of 21 R. 
F i l a t o v  , P. P.  ; and Gaidova, E. S.  : Immunopathology i n  a Chronic Exposure t o  
65Zn. Vest. Akad. Med. Nauk U.S.S.R. , vol.  20,  no.  9,  1965,  pp. 65-70. 
65ZnC12 w a s  admin i s t e red  o ra l ly  to  r abb i t s  da i ly  fo r  18 months i n  a d a i l y  
dose of 10 uc/kg body weight. The da ta  sugges t  t ha t  an  autoimmune  mechanism 
95Zn. 
lays  an  impor tan t  ro le  in  the  pa thogenes is  of ch ron ic  r ad ia t ion  in ju ry  by 
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Stepanyan, E. D , :  E f f ec t  of Ion iz ing  Radia t ion  on Certain  Innnunobiological 
Functions of t h e  Blood  and Reticulo-Endothelial  System (RES). Vopr.  Radio- 
b i o l .  Akad.  Nauk Arm.  S.S.R. Sektor  Radiobiol.  Sb. T r . ,  no. 3-4, 1963,  pp. 
83-94. 
Experiments carried out on r a b b i t s  i n d i c a t e  t h a t  i o n i z i n g  r a d i a t i o n  and bacter- 
i a l  antigen used separately and jointly change the phagocytic capacity of t he  
re t icu lo-endothe l ia l   sys tem (RES) by  two s t ages :  a t  f i r s t  t h e y  d e p r e s s  i t  f o r  
a shor t  per iod  of time and then s t imulate  i t  f o r  a per iod of a longer  durat ion.  
Simultaneously,  antibody production is  i n h i b i t e d  i n  i r r a d i a t e d  r a b b i t s  b u t  i s  
s t imu la t ed  in  non i r r ad ia t ed  ones .  It  i s  a lso  revea led  tha t  bo th  phagocyt ic  and 
an t ibody product ion  capac i t ies  of t h e  RES appear  to  funct ion independent ly  of  
each other .  
Draper, L. R.:  The Ef fec t s  of Prolonged  I r radiat ion on t h e  Immune Response. I n  
"Effec ts  of Ionizing  Radiat ion on Immune Processes" (C.A. Leone,  ed.) Gordon 
and Breach,  1962,  pp. 221-44. 
Kise lev ,  P. N.  and  Buzini,  P. A.: The Influence  of  Chronic  Continuous  Action of 
Ionizing  Radiat ion on  Immunity. Med. Radiol . ,   vol .  4 ,  no.  4, Apr. 1959, 
pp. 36-44. 
Lebedeva, G. A , :  Les ions  of  the  Gas t ro in tes t ina l  Trac t  in  Chronic  Radia t ion  
Sickness Caused  by Mul t ip le  X I r r a d i a t i o n .  Arkh. Patol . ,  vol .  24,  no.  10,  
Oct. 1962,  pp. 21-26. 
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Chron ic  I r r ad ia t ion  of Murid Animals 
Birkner ,  R.;  Meyer, R. D.; and  Trautmann, J.: Ef fec t  of Small X-Ray Doses  on 
Experimental Septicemia Induced by Bacterium Pneumoniae Friedlander. 
I. Effect  of  S m a l l  Doses  Administered  After  Infection,  vol. 103, 1957, 
pp. 444-455. 
Albino mice were given S.C. i n j e c t i o n s  of va r ious  d i lu t ions  of K l e b s i e l l a  
pneumoniae suspension 18 h o u r s  p r i o r  t o  whole body x-radiation (200 kvp; 
dose rate 18 rlmin.) .  Single doses of 2 and 10 r. were repeated seven times 
i n  4 days. Animals i r r a d i a t e d  w i t h  a t o t a l  d o s e  of 70 r ou t l ived  those  i r r ad -  
i a t e d  w i t h  1 4  r and non-irradiated controls .  Doses  of 10 r ,  administered 
4 and 28 hours  pos t - infec t ion  pro longed  the  surv iva l  time of i r r a d i a t e d  mice 
ove r  the  su rv iva l  time of  nonirradiated controls  by hours .  Male mice were 
more s e n s i t i v e  t o  i n f e c t i o n  and to  rad ia t ion  than  femab animals .  
Birkner, R.;  Meyer, R. D.;  and  Trautmann, J.: Effect   of  S m a l l  X-Ray Doses 
on Experimental Septicemia Induced by Bacterium Pneumoniae Fr ied lander .  
11. Ef fec t  of S m a l l  X-Ray Doses Pr ior  to  Subcutaneous  Infec t ion ,  vo l .  103 ,  
1957,  pp.  551-558. 
Albino mice were exposed to  da i ly  doses  o f  2 o r  10  r whole-body x- rad ia t ion  
(200 kvp; dose rate 18 rlmin.)  on f i v e  c o n s e c u t i v e  d a y s  p r i o r  t o  S.C. i n j e c t i o n  
of 0.1 m l  K l e b s i e l l a  pneumoniae suspension i n  v a r i o u s  d i l u t i o n s .  
Surv iva l  t i m e  o f  an imals  i r rad ia ted  wi th  a t o t a l  dose of 50 r w a s  shortened 
as compared t o  t h a t  of mice i r r a d i a t e d  w i t h  1 0  r and of non-irradiated con- 
t ro l s .  S ing le  doses  of 10 r ,  de l ive red  1 t o  5 days  p r io r  t o  in j ec t ion ,  had  
no e f f e c t  o n  s u r v i v a l  t i m e .  
Hammond, c. W . ;  Anderle, S.  K . ;  and Miller, C. P.:  Attempts t o  I n c r e a s e  Resis- 
tance of Mice t o  Bacterial I n f e c t i o n  by Prolonged Low Dose y - I r r ad ia t ion ,  
vol. 105,  1960,  pp.  1-3. 
CF-1 female mice 4 weeks of age were exposed 6 days a week from a 0.5 curie  
cobal t -60 source to  doses  of 0.5, 1 o r  2 r garmna rad ia t ion lday .  Af te r  4 t o  
39 weeks exposure they were cha l lenged  by  in t raper i tonea l  inocula t ion  of 
graded  doses of  Pseudomonas aeruginosa.  No d e t e c t a b l e  e f f e c t  on h o s t  resis- 
t a n c e  t o  t h i s  e x p e r i m e n t a l  b a c t e r i a l  i n f e c t i o n  w a s  demonstrated. 
Q u i l l i g a n ,  J. J . ;  Boche, R. D . ;  Car ru thers ,  E. J.; Axtell, S. L.;  and Tr ived i ,  
J. C. : Continuous Cobalt-60 Irradiation and Immunity to  In f luenza  Vi rus .  
J. Immunol., vol.  90,  no. 4 ,  Apr.  1963,  pp.  506-511. 
Mice were exposed t o  Co60 y rays  a t  a dose rate of 9 , 16 , 33, o r  106 r/day 
f o r  t o t a l  d o s e s  up t o  2547 r. After 15 days exposure, they were infec ted  wi th  
PR8 s t r a i n  t y p e  A in f luenza  v i rus .  Cont inuous  i r rad ia t ion  resu l t s  - in  a con- 
t inued  growth  of  v i rus  par t ic les  in  lungs  of i n fec t ed  an ima l s  and  r e su l t s  
i n  much h igher  titers fo r  l onge r  pe r iods  of t i m e  than  in  noni r rad ia ted  an imals .  
I n  t h e  d o s a g e s  u t i l i z e d ,  i r r a d i a t i o n  i n t e r f e r e s  w i t h  p r i m a r y  i n f l u e n z a  v i r u s  
ant ibody response,  but  does not  interfere  with secondary ant ibody response.  
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Peterson,  0. P.;  and  Kozlova, I. A . :  The Ef fec t  of X-Ray I r r a d i a t i o n  on the  
Elaborat ion of Anti-Influenza Antibodies Following a Single  Vaccinat ion of 
White Rats. Journa l ;  Vopr. Med. Virusol. ,   no.  5, p a r t  1, 1958,  pp.  153-156. 
The e labora t ion  of  an t i - inf luenza  an t ibodies  w a s  i n h i b i t e d  and decreased i n  
r a t s  f o l l o w i n g  i r r a d i a t i o n  w i t h  d o s e s  of 600 and 400 r ,  e s p e c i a l l y  i f  t h e  
i r r a d i a t i o n  w a s  given 2 days before ,  or  2 d a y s  a f t e r  v a c c i n a t i o n .  I r r a d i a t i o n  
appl ied 6 and 12 days  p r io r  t o  vacc ina t ion  inh ib i t ed  immunogenesis t o  a lesser 
degree .  I r rad ia t ion  g iven  on t h e  1 2 t h  day a f t e r  v a c c i n a t i o n  i n h i b i t e d  immuno- 
genesis  somewhat.  Doses  of  25  and 50 r had  almost  no e f f e c t  on immunogenesis. 
Remezov, P. I.: The Features  of  the  Course of Certain Virus  Infect ions Against  
a Background  of Radiation.  Voyenno-meditsinskiy  zhurnal,  no.  7,  1960, 
pp. 40-45. 
The au thor  s tud ied  the  course  of various infections (lymphocytic choriomeningi- 
tis, acute  mul t ip le  encephalomyle t i t i s ,  in f luenza ,  t i ck-borne  encephal i t i s ,  
e t c )  i n  w h i t e  mice s u b j e c t e d  t o  a s i n g l e  d a i l y  500, 400, 300, 200, 100, 50 o r  
10 r dose (or 0.33 r twice weekly) of X-radiation for more than 6 months. A 
study was a l s o  made  of the  course  of v i r u s  i n f e c t i o n  as a f f ec t ed  by a combin- 
a t i o n  of unfavorable  fac tors ,  such  as i r r a d i a t i o n  p l u s  c h i l l i n g  and exhaustion. 
I o n i z i n g  r a d i a t i o n  g r e a t l y  a l t e r e d  t h e  c l i n i c a l  and v i r o l o g i c a l  p i c t u r e  o f  
v i r u s  i n f e c t i o n s .  Even comparatively,  small doses (300, 200, 100 r and l e s s )  
reduced  the mice's resistance t o  many v i ruses .  Chronic  i r rad ia t ion  in  such  
small doses as 10 r reduced  res i s tance  to  viruses p r o p o r t i o n a l  t o  t h e  t o t a l  
radiat ion dose.  Prolonged i r radiat ion of mice twice weekly i n  doses of  0.33 
r r e v e a l e d  n o  d e v i a t i o n s  i n  t h e  c l i n i c a l  o r  v i r o l o g i c a l  c h a r a c t e r i s t i c s  of 
t h e  v i r u s  i n f e c t i o n s .  
Steward, R. H . ;  Pribnow, J. F.;  and  Silverman, M. S.: E f f e c t  of Chronic Gamma 
Radiation on Airborne Infection of Mice With Listeria monocytogenes. Res., 
vo l .  24,  no. 1, Jan.  1965,  pp. 96-107. 
The s u s c e p t i b i l i t y  of mice t o  an  a i rbo rne  in fec t ion  wi th  L i s t e r i a  monocytogenes 
increased af ter  cont inuous exposure to  y-radiat ion del ivered a t  1.0 t o  1.5 
radslhour .  The i n c r e a s e  i n  s u s c e p t i b i l i t y  became g r e a t e r ,  t h e  l a r g e r  t h e  t o t a l  
rad ia t ion  dose .  Af te r  sublethal aerosol  cha l lenge ,  bac te r ia l  counts  on homogen- 
ates from t h e  l u n g ,  l i v e r  and  sp leen  ind ica ted  tha t  a more r a p i d  p r o l i f e r a t i o n  
of the organism occurred in the organs of Co60-irradiated  mice.  Furthermore, 
the ult imate disappearance of L. monocytogenes from the  lung  and sp leen  of 
i r r a d i a t e d  mice was delayed by 2 t o  4 days i n  comparison t o  t h e  removal seen 
in  noni r rad ia ted  an imals .  
Vyazikovtseva, 0 .  N . :  The Ef fec t  of S m a l l  Doses  of X-Rays Over a Long Period 
on t h e  S u s c e p t i b i l i t y  and  Immunity of Mice to  In f luenza .  Vopr. Med. Virusol . ,  
no. 5 ,  p a r t  1, 1958,  pp.  145-147. 
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White mice were i r r ad ia t ed  wi th  10  and 19 r. d a i l y  f o r  1 5  and f o r  30 days. 
They were then  in fec t ed  wi th  in f luenza  v i rus .  The s u s c e p t i b i l i t y  t o  i n f l u -  
enza increased by a f a c t o r  o f  57.5 - 10,000,  according to  the dose and per iod 
of i r r a d i a t i o n .  The mean titer of a n t i b i o t i c s  d e c r e a s e d  i n  t h e  i r r a d i a t e d  
mice. 
Berlin, B. S.: Antibody Responses After Injection of Aqueous  and Emulsified 
Influenza Virus Vaccines i n  Mice Chronically Exposed t o  Gamma Rays. Res., 
vo l .  18, no. 2 ,  Feb.  1963,  pp. 223-230. 
Hammond, C. W . ;  Anderle,  S.  K. ;  and Miller, C. P.: E f fec t  of  Continuous Gamma 
I r r a d i a t i o n  of Mice on Their Leukocyte Counts and Susceptibil i ty to Bacterial 
Infec t ion .  Res., vo l .  11, no. 1, July  1959,  pp. 242-252. 
Hammond, C. W . ;  Anderle, S. K. ;  and Miller, C. P.: E f fec t  of Daily  Exposure t o  
15 r Gamma Radia t ion  on  Suscept ib i l i ty  of Mice t o  Experimental  Infection. 
Proc. SOC. Expt l .   Biol .  Med., vol.  104,  1960,  pp. 261-263. 
Mi l l e r ,  c .  P.; and Hammond, C. W. Leukocyte  Count  and S u s c e p t i b i l i t y  t o  Bacterial 
In fec t ion  as Affected by Continuous Exposure t o  Low Dose Gamma I r r a d i a t i o n .  
AJ? SAM 57-91, 1957. 
Silverman, S.; Kornfeld,  L. ;  and  Stewart, R. H. :  The S u s c e p t i b i l i t y  of Mice t o  
Airborne Infections Following Continuous Exposure to Low Dose Rate y-Radiation. 
Annual Progress Report  U.S .  Naval Radiological Defense Lab. 1965. 
S ive r t seva ,  V. N.: Dat.a on the Reproduct ion of  the Inf luenza Virus  in  the 
Organism  of  Animals  Exposed t o  Chronic  Continuous  Radiation.  Radiobiologiya, 
vo l .  4 ,  no.  4,  1964, pp.  544-547. 
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Acute Irradiation of Larger Animals 
Bond, V. P.;  Silverman, M. V.;  and  Cronkite, E. P.:  Pathogenesis  and  Pathology 
of   Pos t - I r rad ia t ion   Infec t ion .   Radia t ion  R e s . ,  v o l .  1, no. 4 ,  Aug. 1954, 
pp 389-400. 
In fec t ion  has  no major  inf luence on mortal i ty  fol lowing exposure to  le thal  
o r  s u b l e t h a l  r a d i a t i o n  d o s e s ,  b u t  may be  the  cause  of dea th  in  an ima l s  
s u r v i v i n g  a c u t e  i r r a d i a t i o n  and developing marrow deple t ion .  
Kahn, R. L.; K i m ,  S.  H . ;  Cur t i s ,  A. C. ;  and  Simons, C. S . :  X-Irradiation  and 
Toxin  Neutral izat ion by Anti toxin.  J.  I n f e c t .  Diseases, vo l .  107, pp 325-331. 
Rabbits were given a s ingle  dose  of  1000 r t o  a n  area of a hind leg.  A t  d i f -  
f e r e n t  t i m e  i n t e r v a l s  a f t e r  r a d i a t i o n ,  d i p h t h e r i a  a n t i t o x i n  was i n j e c t e d  S . C .  
i n  t h e  i r r a d i a t e d  area; simultaneously,  25 MLD of  d iphther ia  tox in  ( three  
times t h e  l e t h a l  d o s e )  was adminis tered S.C. i n  t he  o the r  t h igh .  An t i tox in  
i n j e c t e d  d u r i n g  t h e  f i r s t  s e v e n  d a y s  i n  t h e  i r r a d i a t e d  s k i n  a f f o r d e d  b e t t e r  
p r o t e c t i o n  t h a n  a n t i t o x i n  i n j e c t e d  i n t o  n o n i r r a d i a t e d  s k i n ;  a n t i t o x i n  d i d  
no t  p ro tec t  when i n j e c t e d  90 days a f t e r  r a d i a t i o n  i n t o  t h e  exposed skin. 
This  d i f fe rence  i s  explained on the  bas i s  of  a temporary  inabi l i ty  of  the  
i r r a d i a t e d  s k i n  t o  l o c a l i z e  t h e  i n j e c t e d  h o r s e  p r o t e i n s .  
Petrov,  R. V.;  and  Sosova, V. F.: Relative  Immunological  Tolerance  Induced  by 
I r rad ia t ion .   Radiobio logiya ,   vo l .  3, no. 1, Jan.-Feb.  1963, pp 99-103. 
Three groups  of  fac ts  which  suppor t  the  hypothes is  tha t  the  to le rance  in-  
duced  by i r r a d i a t i o n  is no t   abso lu t e   bu t  relative. 1) The suppression  of 
an t ibody  fo rma t ion  a f t e r  i n j ec t ion  of an  an t igen  which is  observed i n  a n i -  
mals a f t e r  i r r a d i a t i o n  is  ve ry   va r i ab le   i n   ex t en t .   2 )  The induct ive  phase 
before  the appearance of  ant ibody may be  g rea t ly  p ro longed  a f t e r  i r r ad ia t ion  
of the  an imal ,  and  leads  to  the  e r roneous  impress ion  tha t  an t ibody format ion  
has been suppressed, whereas examination a t  a l a t e  s t a g e  would r e v e a l  t h a t  
antibody formation is only delayed,  and eventual ly  reaches fair ly  high 
titres i f  the   an imal  lives s u f f i c i e n t l y   l o n g   a f t e r   i r r a d i a t i o n .   3 )  Auto- 
an t ibod ie s  are formed i n  i r r a d i a t e d  a n i m a l s  i n  r e s p o n s e  t o  a u t o a n t i g e n s  
produced by the effect  of  radiat ion upon t h e  body p r o t e i n s .  I r r a d i a t i o n  
therefore cannot have produced complete immunological tolerance. 
Shevtsova, Z .  V.:  Causes  of  Reduced Natura l  Res is tance  to  Live Brucella vac- 
c i n e  i n  I r r a d i a t e d  Animals. Zh. Mikrobiol.  Epidemiol.  Immunobiol.,  no. 4 ,  
Apr. 1964, pp 100-105. 
The i n t e n s i t y  o f  Bruce l l a  mul t ip l i ca t ion  in  the  va r ious  o rgans  of i r r a d i a t e d  
and non-irradiated animals  does not  differ  and virulence does not  increase.  
The reduced resis tance of i r r a d i a t e d  a n i m a l s  t o  B r .  abor tus  19-Ba is  a t t r i b -  
u t ed  l a rge ly  to  inc reased  Bruce l l a  endo tox in  sens i t i v i ty  and r e l a t ed  de tox i -  
c a t i o n  mechanism dis turbance .  
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Sidwell ,  R. W.; Thorpe, B. D. ;  and  Gebhardt, L. P.: Studies  of Latent Q Fever 
In fec t ions .  I. Ef fec t s  of Whole-Body X-Irradiat ion Upon Laten t ly   Infec ted  
Guinea  Pigs, White Mice, and Deer Mice. Am. J. Hyg., vol.  79,  Jan.  1964, 
pp 113-124. 
La ten t  i n fec t ions  of  Coxiel la  burnet i i  in  guinea pigs  and mice were s tudied  
i n  a t . t empt s  to  reactivate t h e  i n f e c t i o n s  by  x i r r a d i a t i o n ,  a s t r e s so r  agen t  
which can cause al terat ions of  many phys io logica l  processes  in  infec t ion .  
Whole-body i r r a d i a t i o n  i n  d o s e s  s l i g h t l y  less than  o r  g rea t e r  t han  the  21- 
day LD50 caused a d e f i n i t e  r e a c t i v a t i o n  of C. b u r n e t i i  i n  g u i n e a  p i g s  i n f e c -  
ted  3 months previously. There w a s  no conclusive evidence of r e a c t i v a t i o n ,  
on t h e  b a s i s  of recovery of organisms, in deer mice or  whi te  mice s i m i l a r l y  
t r ea t ed ,  a l though  some evidence  of  reac t iva t ion  in  whi te  mice w a s  ind ica ted  
by a transmission of C. b u r n e t i i  t o  c o n t r o l  mice housed as cage mates with 
the  t r ea t ed  an ima l s .  Such a t ransmission w a s  a lso observed among t h e  
t r ea t ed  gu inea  p igs ,  bu t  none could be detected i n  t h e  d e e r  mice o r   i n  non- 
i r r ad ia t ed  con t ro l  an ima l s .  
Vancurik, J.: Effec t  of X-Irradiat ion on the Course of Experimental Vaccine 
Anthrax.  Folia  Microbiol. ,   vol.  9 ,  May 1964, pp 164-172. 
The e f f e c t  of i r r a d i a t i o n  on v a c c i n e  i n f e c t i o n  i n  r a b b i t s ,  u s i n g  l i v i n g  
anthrax vaccine,  w a s  s t u d i e d ,  i n  a n  a t t e m p t  t o  d e t e r m i n e  t h e  s p e c i f i c  
f e a t u r e s  of  vacc ine  an thrax  in  i r rad ia ted  an imals .  The vaccine anthrax 
i n f e c t i o n  i n  i r r a d i a t e d  a n i m a l s  w a s  i d e n t i c a l  w i t h  t h e  p i c t u r e  of v i r u l e n t  
anthrax.  The main cause of  anthrax sepsis  is n o t  i n c r e a s e d  s e n s i t i v i t y  t o  
the  tox in ,  bu t  t he  h igh  degree  of p r o l i f e r a t i o n  of the microorganism i n  
the  i r r ad ia t ed  o rgan i sm.  
21 
Angevine, D. M . ;  and  Tuggle, A.: The Ef fec t  of  Roentgen  Therapy Upon In fec t ions  
Produced i n  t h e  S k i n  of Rabbits With Cultures of Streptococcus Haemolyticus 
and  Staphylococcus  Aureus. Am. J. Roentgenol.,  vol.  46,  1941,  pp. 96-103. 
Bisgard,  J.  D . ;  Hunt, H. B . ;  Neely, 0. A. ;  and Scot t ,   P . :  The  Mechanism of 
Action of Roentgenotheraphy Upon In fec t ion .  Ann. Surg.,  vol.  115,  1942, 
pp . 996-1006. 
Bisgard,  J .  D. ;  Hunt, K .  3.; Neely, 0. A. ;  and Scott ,   P.:   Experimental   Studies 
of t he  Mechanism of  Action of X-Ray Therapy Upon Infection. Radiology, 
vol.  39,  1942,  pp. 691-696. 
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Acute Irradiat ion of  Murid Animals 
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rad ia t ion .  Chal lenge  infec t ions  were given 3-13 days later by i.v., i . p .  o r  
S.C. i nocu la t ions .  Res i s t ance  to  P ro teus  o r  Pseudomonas chal lenge w a s  in- 
creased 5-12 days  a f t e r  i r r ad ia t ion  a l though  g ranu locy te  coun t s  i n  t a i l  blood 
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CHANGES  IN  ATMOSPHERIC PRESSURE AND COMPOSITION 
A  pioneering  study  on  the  effects  of  altitude  on  resistance  to  infection 
was  that of  Berry,  Mitchell,  and  Rubenstein (1955), who  reported  that acclimatiza- 
tion  of  mice  to  a  simulated  altitude  of 20,000 feet  led  to a  greater  resistance 
to  infection  with  the  PR8  strain  of  Influenza  A  virus  than  was  noted  in  animals 
not so acclimatized. 
In the  years  following  Berry's  first  paper in this  field,  many  workers 
have  reported  studies  with  a  number of different  infectious  agents.  Mice  have 
been used in  nearly  all the  studies on infection;  guinea  pigs  have  been  utilized 
in one  experiment. To the  date  of  this  review,  ten  different  infectious  agents 
have  been  used:  Sal.  typhimurium,  Sal.  typhi, 2. tularensis, E. pseudotuber- 
culosis, K. pneumoniae,  Staph.  aureus,  influenza  virus,  Venezuelan  equine  en- 
cephalomyelitis  virus,  mengovirus,  and  Chlamydial  mouse  pneumonitis  agent. In 
addition,  altitude  effects  on  antibody  production  in  mice,  rabbits,  and  rats 
have  been  reported.  Altitude  effects  on  interferon  production  in  mice  have  also 
been  tested . 
Among  the  reports  on all these  experiments,  there  have  been  many  which 
have  indicated  seemingly  harmful  effects  of  altitude  or  spacecraft  atmospheres 
on  resistance  to  infection  or  on  mechanisms  contributing  to  resistance.  By 
contrast,  many  of  the  experiments  have  indicated  either  no  effect  or  one  which 
enhances  resistance. 
Altitude  effects  on  intestinal  flora  in  lower  animals  have  been  reported. 
Similar  studies  in man have  been  reported,  but  under  circumstances  such  that 
the  effects of altitude  could  not  be  separated  from  those  of  special  foods 
being  tested. 
Salmonella  typhimurium:  Berry  (1957)  published  another  pioneering  classic 
paper  which  has  been  widely  quoted  in  subsequent  years. In this  experiment  the 
author  exposed  one  group of ten  mice to simulated  altitude of 20,000 feet  for 
"three  to  four  months,"  while  ten  controls  were  kept  at  ground  level  pressure. 
Following  intraperitoneal  infection  with  Sal.  typhimurium,  both  groups  were 
kept  at  ground  level  pressure.  The  mean  survival  time  of  the  altitude-ex- 
posed  group  was  somewhat  shorter  than  that  of  controls.  Although  the  results 
met  criteria  for  statistical  significance,  a  reviewer  might  wish  that  more  than 
ten  animals  had  been  used  in  each  group.  Some  concern  is  justified,  moreover, 
as  to  whether  or  not  altitude  (with  hypoxia)  should  be  considered  the  sole  stress 
to  which  the  test  animals  were  subjected.  The  test  animals  were  brought  Ildown" 
for  feeding  and  returned  to  altitude  each  day,  and  these  daily  excursions  of 
pressure  may  have  presented  a  potential  for  damage  or  stress.  Noise  is  another 
potential  stress  factor,  which  according  to  Jensen  and  Rasmussen  (1963)  may 
have an influence  on  resistance  to  infection,  and  this  of  course  was  not know  
at  the  time  or  commented  upon.  Berry's  experiment  has  never  been  repeated, 
using  the  same  altitude,  procedures,  and  infectious  agent.  Although  his  condi- 
tions  were  considerably  different  (pressure  corresponding t o  37,000 feet,  with 
100%  oxygen,  corresponding  to  ground-level pOz), Gordon  (1966-69)  found  that ex- 
posure  to  altitude  following  infection  with  this  organism  had no influence  on 
resistance  in  mice. 
27 
I 
Influenza  virus:  Conflicting  inferences may be found in the  literature 
regarding  effects  of  altitude  on  resistance  to  infection  with  this  virus.  Some- 
what  along  the  lines  of  the  early  report by Berry,  Mitchell, and  Rubenstein  (1955) 
cited above, Trapani(l966)  compared  mice  held  at  5,280  feet  with  those  held  at 
14,150  feet  before  and  after  infection,  and  reported  longer  survival  in  the  14,150 
feet  before  and  after  infection,  and  reported  longer  survival  in  the  14,150  foot 
group. In contrast,  though  conditions of exposure  were  different,  Ehrlich  and 
Mieskuc  (1969)  reported  opposite  effects  on  thc  basis  of  altitude  chamber 
experiments. 
Pasteurella  tularensis:  Again,  conflicting  inferences  are  found  in  the 
literature,  though  conditions  of  exposure  to  altitude  are  not  as a rule  compar- 
able  in  different  reports.  Schmidt,  et.al.  (1967)  first  used  intermittent 
exposure  to  altitude,  and  reported  that  anim-lls  exposed  to  altitude  before 
infection  with  this  organism  showed  increased  susceptibility,  whereas  ex- 
posure  to  altitude  after  infection  had  no  effect.  Using  continuous  exposure  to 
hypobaric  conditions,  Ball  and  Schmidt  (1968)  reported  that  exposure  before in- 
fection  had  no  effect  on  susceptibility,  but  exposure  after  infection  increased 
susceptibility.  Schmidt  (1969)  reported  that  mice  infected  with E. tularensis 
and  then  kept  at  a  simulated  altitude  of  18,000  feet  with  oxygen  increased  to 
equivalent  of  ground  level  tension,  showed  no  differences  in  mortality  or sur- 
vival  time  from  controls  similarly  infected  but  kept  at  ground  level. In the 
later  report,  Schmidt  (1969)  re-examined  the  influence  of  intermittent  exposure 
to  altitude  before  and  after  infection,  this  time  with  oxygen  tensions  above 
normal.  Under  these  conditions  he  concluded  that  such  exposure  before  and/or 
after  infection  reduced  resistance. 
Staphylococcus  aureus:  Schmidt,  Cordaro,  and  Ball  (1967)  reported  on  the 
effects  of  altitude  Qn  skin  lesions  produced  in  mice  by  this  organism.  One 
group  of  animals  was  held  at a pressure  corresponding  to 27,000 feet,  with  70% 
oxygen  (ground  level  p02)  for 14 days,  while  controls  were  held  at  ground  level. 
Animals  in  both  groups  were  then  given a standard  dose  of  organisms,  subcutane- 
ously.  Half  of  the  altitude  group  and  half  the  controls were then  placed  at 
altitude, and  half  of  each kept at  ground  level.  The  median  day  of  healing  was 
noted  in  each  group.  The  authors  concluded  that  exposure  to  altitude  prior  to 
infection  delayed  the  healing  process,  and  that  lesions  in  the  animals  previ- 
ously  exposed  to  altitude  were  larger.  Intraperitoneal  infection  of  mice  was 
reported  by  Ehrlich  and  Mieszkuc  (1965),  using  the  same  organism.  They kept 
mice  at a pressure-altitude  of  35,000  feet  with  sea  level  oxygen  for  varing 
periods  before  challenge.  There  was  no  difference  in  mortality  between  the 
altitude  and  ambient  pressure  groups.  In a further  experiment,  the  same  authors 
tested  the  effectiveness  of  Lincomycin  in  treating  staphylococcal  infection  in 
altitude-stressed  and  normal  mice.  They  reported  that  treatment  with  0.5  or 
1.0  CD50  was  less  effective  in  reducing  mortality  in  altitude-stressed  mice  than 
in  controls.  At  doses of 3 .0  CD50  the  difference  was  absent.  The  authors  also 
reported  that  duration  of  exposure  to  altitude  has an influence  on  therapeutic 
value.  Mice  increased  mortality if they  had  been kept at  altitude forthree or 
sevendays, but  not if they  had  been  kept  at  altitude  for 33 days, 
;: Ehrlich  and  Miller  (1968)  placed 
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guinea  pigs  at  a  pressure  altitude  of  12,000  feet  for  7  or 14  days,  and  then 
challenged  them  with an aerosol  of VEE virus.  The  animals  were  then kept at 
ground  level  pressure.  Average  survival  time  of  test  animals  were  not  signi- 
ficantly  different  from  survival  time  of  animals  which  had  been  kept  at  ground 
level  pressure,  though  the  authors  felt  that  there  was  a  "trend  toward  higher 
mortality" in the  altitude-exposed  group. 
Mengovirus:  Giron,  Pindak,  and  Schmidt  (1967)  studied  the  effect  of re- 
duced  pressure on mengovirus  infection in mice.  They  reported  that  resistance 
was  reduced  if  mice  were  held  at  altitude,  with  ground  level  oxygen,  and  were 
then  infected  and  held  thereafter  at  ground  level  pressure.  Resistance  was 
likewise  reduced  if  normal  mice  were  infected  and  then  taken  to  altitude.  A 
particularly  complex  and  baff.ling  relationship  was  noted  in  animals  which  were 
held  at  altitude  for 14  days,  brought  to  ground  level  for  infection  and  held  for 
different  periods,  and  then  returned  to  altitude.  Resistance  was  not  reduced  if 
the  animals  were  returned  to  altitude  immediately  or  if  they  were  held  at  ground 
level  for 24 hours.  Resistance  was  reduced,  however,  if  the  animals  were  held 
for a period  of  one  hour  at  ground  level  before  being  returned  to  altitude. No 
hypothesis  has  been  advanced  which  might  explain  this  relationship. In a later 
publication,  Schmidt  (1969)  reported  studies  on  mice  which  were  held  at  altitude 
or  ground  level,  infected  intraperitoneally  with  this  agent,  and  then  placed  at 
altitude  or  ground  level.  By  estimating LD50 doses  of  the  virus  in  each  group, 
the  authors  concluded  that  a  change  in  pressure  (altitude  to  ground  or  vice 
versa)  reduced  resistance. In these  studies,  ground-level  pO2  had  been  main- 
tained in the  altitude  chamber.  When  the  experiment  was  repeated  with  a  hypoxic 
environment  in  the  altitude  chamber,  there  was  no  difference  among  the LD50 
doses  for  the  several  groups,  though  there  was  a  suggestion  of  longer  survival 
time  among  those kept at  altitude  after  infection. 
Klebsiella  pneumoniae:  Ehrlich  and  Mieszkuc  (1962)  kept  mice  at a  pres- 
sure  altitude  of  18,000  feet  for  different  periods  before  challenge  with E .  
pneumoniae  aerosol.  They  reported  that  animals  held  at  altitude  for  three  days 
showed  increased  resistance.  Those  held  at  altitude  for  seven  days  showed  no 
difference  from  controls,  while  those  held  at  altitude  for 30 90 days  prior 
to  challenge  showed  decreased  resistance.  Using  the  same  organism  but  differ- 
ent  environmental  conditions  (pressure  altitude  of 35,000 feet, 85% oxygen,  10% 
C02,  and 5% N ), Mieszkuc  and  Ehrlich  (1969)  studied  effects of  holding  mice  at 
altitude  for  different  periods  before  and  after  challenge.  Animals  held  at alti- 
tude  €or 3, 7, or 30 days  prior  to  challenge  showed  no  difference  in  mortality 
from  controls.  However,  animals  held  at  altitude  for 14 days  prior  to  challenge 
showed  higher  mortality  rates,  regardless  of  pressure  levels  after  challenge. 
Again  using  the  same  organism  but  different  conditions  (27,000  feet  pressure 
altitude  and  100%  oxygen),  Ehrlich  and  Mieszkuc  1969)  tested  the  effects  of 
holding  mice  at  altitude  for  different  periods,  and  then  returning  them  to 
ground  level  for  different  periods  before  challenge.  Those  held  at  ground  level 
for  five  or  seven  days  showed  no  difference  in  mortality  from  controls,  but 
those  held  at  ground  level  for  only  one  hour  before  challenge  showed  increased 
mortality.  Levels  of  significance (P < 0.1)  in some  of  these  groups  are  not 
Commonly  accepted. 
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Statolon  protection  against  mengovirus:  Schmidt  and  Pindak  (1967)  reported 
that  exposure  of  mice  to a  space ; a m  environment  did  not  influence  their suscep- 
tibility  to  mengovirus  or  eliminate  the  protective  effect  of  statolon  against 
such  infection. 
Studies  on  immune  responses:  Smith,  Altland,  and  Highman  (1961)  reported 
that  rats  immunized  with sheepred blood  cells  and  held  at  an  altitude  showed 
higher  antibody  titers  than  did  controls  kept  at  ground  level.  Trapani  (1966) 
reported  similarly  higher  titers  of  antibodies  in  mice  immunized  with  bovine 
serum  albumin  and kept at 10,600 feet  actual  altitude,  by  comparison  with  con- 
trols kept  at  5,280  feet.  Similarly,  -Tengerdy  and  Kramer  (1967)  reported  that 
rabbits  held  at  altitude  after  immunization  with  sheep  RBC  showed  higher  titers 
than  controls  at 20 days, but  that  the  difference  was no longer  present  at 35 
days.  By  contrast,  Giron  and  Schmidt  (1966)  found no  effect  of  altitude  on 
antibody  responses  of  rabbits  immunized  with  vaccine  virus.  Trapani  (1969) re- 
ported  that  mice  immunized  with  sheep  RBC  and  held  at 14,150 feet  actual  alti- 
tude  showed  fewer  plaque-forming  (antibody-producing)  cells  in  spleens  than  did 
those  held  at  lower  altitudes,  and  that  antibody  titers  were  slightly  lower  in 
a 14,150  foot  groups  than  in  those  kept  at  lower  altitude.  Coyne  and  Ackerman 
(1969), in an exceptionally  well-planned  series  of  experiments,  tested  the  ef- 
fect  of  reduced  pressures ( 5 and  7.5  psia)  with 100% oxygen,  on  immune  responses 
cjf mice  following  injection of killed  Brucella  abortus  antigen.  They  deter- 
mined  antibody  titers  and  spleen  weights,  splenic  enlargement  being  indicative 
of  immunological  reaction.  They  noted  that  animals  exposed  in  "domes"  or 
chambers  to  reduced  pressure  and  increased  oxygen  showed  impaired  immune re- 
sponses  by  comparison  with  room  controls.  These  investigators  had  taken  the 
unique  precaution of having  another  set  of  control  animals -- a group  kept  in 
the  domes,  but  with  normal  ground  level  atmospheric  composition  and  pressure. 
The  "dome  controls"  showed  the  same  impairment  of  immune  responses as did  those 
exposed  to  simulated  spacecraft  environments.  The  authors  concluded  that  fac- 
tors  in  the  dome  environment  other  than  pressure  or  atmospheric  composition  had 
been  responsible  for  the  impaired  responses.  Noise,  vibration,  change  in 
diurnal  cycles,  and  degree  of  confinement  were  mentioned  as  possible  factors 
which  might  have  influenced  immune  responses. 
Petrov  (1965)  expressed  the  conjecture  that,  in  long-term  space  travelers, 
deprivation  from  daily  exposure  to  changing  varieties of microbial  flora  may 
result  in  impairment  of  the  body's  immunological  ability  to  cope  with  infection. 
To what  extent  man's  health  depends  upon a continuing  variety  of  microbial 
challenges  is  not  clear,  but  apprehension  seems  scarcely  warranted. 
Studies  on  flora  of  intestinal  and  respiratory  tracts:  Gall  and  Riely  (1967) 
and  inanv  others  cited  in  the  section  on  Space  Foods  have  reported  careful  studies 
"" ~- ~ . ~ .  - _ _  
on  the  flora  of  respiratory  and  intestinal  tracts of subjects  confined  in alti- 
tude  chambers  and  consuming  special  foods.  Cultures of  respiratory  tracts  of 
these  subjects,as  might  be expected,  reflected  some  exchange  of  organisms.  Thus 
in  studies  on  respiratory  tract  flora  it  is  impossible to s parate  the  effects 
of  atmospheric  pressure  or  composition  from  those  of  confinement  and  crowding. 
In  studies  on  intestinal  flora,  such  as  those  of  Cordaro  and  others  (1966),  it 
has  appeared  that  changes  were  more  likely  attributable  to  the  use  of  experimen- 
tal foods  than  to  atmospheric  composition or pressure. 
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Stool  cultures  throughout  the  study  reflected  diminished  numbers of enterococci; 
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t h i s  change  appea red  r e l a t ed  to  the  u s e  of  the experimental  ( f reeze-dr ied)  diet ,  
as t h e  numbers  of enterococci  re turned upon resumption of the normal diet. 
Coyne, R. V . ;  and Ackerman, G.  A . :  Effects  of  Space  Cabin Atmosphere  on the  i m -  
mune Response.  Aerospace  Medicine  (in press; accepted   for   publ ica t ion   in   1969) .  
The au thors  adminis te red  k i l led  Bruce l la  abor tus  an t igen  to  mice  by t h e  i n t r a -  
p e r i t o n e a l  r o u t e ,  and  then  exposed them, i n  "domes" o r  chambers to atmospheres 
of  100%  oxygen a t  pressures  of  e i ther  5 p s i  o r  7 . 5  psi ,  s imulat ing the atmos-  
pheres  of U. S. spacec ra f t .  Two groups  of  mice were used as con t ro l s :  one group 
was k e p t  i n  a room, a t  ground level pressure and normal atmospheric conditions, 
whi le  the  o ther  was k e p t  i n  a dome comparable t o  t h a t  used for  the tes t  animals,  
but with normal ground-level atmospheric composition and pressure.  Animals were 
s a c r i f i c e d  a t  i n t e r v a l s ;  a n t i b o d y  t i t e r s  a g a i n s t  E. abortus  were determined 
and  spleens  were  weighed. A 560% i n c r e a s e  i n  s p l e e n  w e i g h t s  s e e n  i n  room con- 
t r o l s  was taken as an index of immunological reaction, as i t  b7as no t  s een  in  
animals which had not received the antigen. 
Animals exposed t o  100% oxygen, a t  e i t h e r  5 p s i  o r  7 .5  p s i ,  showed s i g n i f i c a n t l y  
less splenic   enlargement   than  did room cont ro ls .  Ant ibody t i te rs  in  an imals  ex-  
posed t o  100% oxygen a t  e i the r  p re s su re  were lower than those of room c o n t r o l s ,  
though the differences did not  meet t h e  a u t h o r s '  c r i t e r i a  f o r  s i g n i f i c a n c e .  
A ve ry  s ign i f i can t  f i nd ing  r epor t ed  by  these : inves t iga to r s  is t h a t  t h e  "dome 
controls"--  i . e .  , animals  held in  the chamber with normal atmosphere and pres- 
s u r e  -- showed the same impairment of spleen response and of antibody t i t e r s  
as did those exposed to  reduced pressure and increased oxygen. 
The authors concluded that some f a c t o r s  i n  t h e  domes, other  than decreased pres-  
su re  o r  i nc reased  oxygen content ,  had impaired  the immune response. They sug- 
ges t ed  tha t  stress due t o  some aspect of the dome environment, such as no i se ,  
v ibra t ion ,  a l te red  d iurna l  rhy thm,  or  conf inement  may r e s u l t  i n  s t i m u l a t i o n  a n d  
release o f  a d r e n a l  c o r t i c a l  s t e r o i d s .  They note  tha t  "s tudies  repor t ing  depres-  
s ion  o f  t he  immune response following various environmental  conditions,  viz. ,  
hypoxia ..,...., have involved some type of atmospheric chamber or  enclosure.  
Such enclosures  may produce an environment which i s  abnormal i n  r e s p e c t s  o t h e r  
t h a n  j u s t  oxygen concentrat ion and total  gas  pressure."  
Ehrl ich,  R , ;  and  Mieszkuc, B. J . :  Effec ts   o f  Space Cabin  Environment on Resistance 
t o   I n f e c t i o n .  J. Infect,   Diseases,   vol.   110,  no.  3 ,  June  1962, pp. 278-281. 
Mice were k e p t  a t  18,000 fee t  s imula ted  a l t i tude  before  cha l lenge  wi th  E. m- 
moniae a e r o s o l .  Some were  re turned  to   a l t i tude  af ter   chal lenge.   Other   mice 
were kept a t  ground level  pressure before  chal lenge;  some of  these were re- 
t a ined  a t  ground level,  and others placed a t  a l t i t ude ,  fo l l cwing  cha l l enge .  
Measures  of r e s i s t a n c e  were average  surv iva l  times for  respect ive groups,  and 
the   pe rcen t   mor t a l i t y   i n  14 days.  Approximately  1,000  mice were u s e d ,  i n  20 
groups of 50 each. 
The authors  concluded that  af ter  three days a t  a l t i t u d e ,  r e s i s t a n c e  i n c r e a s e d .  
This  disappeared in  seven days,  and the resis tance was s igni f icant ly  decreased  
in  an imals  he ld  a t  a l t i t u d e  f o r  30 or 90 days  pr ior  to  cha l lenge .  Among mice 
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held a t  ambien t  p re s su re  be fo re  cha l l enge  exposure  to  a l t i t ude  a f t e r  cha l l enge  
had no e f f e c t .  
Ehrl ich,  R . ;  and  Mieszkuc, B. J.: Res is tance  to  Exper imenta l  Bac ter ia l  Pneuwonia 
a n d  I n f l u e n z a  I n f e c t i o n  i n  Space  Cabin  Environments.  Aerospace bled., vol  40,  
no.  2,  Feb.  1969,  pp.  176-179. 
Four experiments are reported:  
I. Mice were maintained a t  5 p s i  and 100% 02 for   5 ,   7 ,  14, 21,  and  30  days; 
they were challenged with E. pneumoniae, and returned t o  a l t i t u d e  f o r  
14 days.  There aas reduced  r'esistance  (P.< 0.1) i n  t h e  7-  and  21-day 
groups, as well as i n  t h e  3 ,  14, and  30-day  groups (P < 0.05 f o r  t h e  
l a t t e r ) .  
were then  cha l lenged  wi th  inf luenza  v i rus  and  re turned  to  a l t i tude  for  
14 days.  There t7as i n c r e a s e d  m o r t a l i t y  i n  t h e  tes t  groups, P being 
~0.01 in the seven-day group, <0.05 in the 15-day group, and 4 0.1 i n  t h e  
36-day group. 
were then held a t  ground level p res su re  fo r  one hour,  three days,  f ive 
days, and seven days, and challenged with K. pneumoniae.  There ~~7as i n -  
c reased  mor ta l i ty  (P < 0.05) for animals held a t  a l t i t u d e  f o r  s e v e n  
days and one hour a t  ground l e v e l ,  as we l l  as for  those held a t  a l t i -  
tude  for  15 and 35 days and one hour a t  ground l e v e l  (P < 0.1) f o r  .the 
l a t te r  groups.  There 17as increased  mor ta l i ty  (P < 0.1) for a l l  groups 
held three days a t  ground level. For the animals held a t  ground level 
fo r  f ive  o r  s even  days ,  t he re  v7as no difference between test  and controls .  
ground level  pressure for  one  hour,  one  day, three days,  f ive days,  and 
seven days,  and then challenged with influenza virus.  Increased mor- 
t a l i t y  (P < 0.05) pe r s i s t ed  fo r  f ive  days  in  the  g roup  a t  a l t i t u d e  f o r  
seven days.  Increased mortali ty (P < 0.05) p e r s i s t e d  f o r  one  day i n  
the group held a t  a l t i t u d e  f o r  15 days. There t7as no increased mor- 
t a l i t y   i n   t h e  group held a t  a l t i t u d e  f o r  36 days. 
11. Mice were maintained a t  5 p s i  wi th  100% 02 f o r  7 , 15,  and 36 days. They 
111. Mice were maintained a t  5  ps i  w i th  100% 02 fo r  7  , 15,  and  35  days. They 
I V .  Mice were he ld  a t  5 p s i  wi th  100% 02 f o r  7, 15, and  35  days,  then a t  
Ehrl ich,  Re; and  Mieszkuc, B.J . :  Lincomycin  Treatment  of  Staphylococcal  Infection 
a t  High Alti tude.   Nature,   vol.   207, no. 5001, Sept.  4,  1965, p. 1109. 
Two experiments were reported : 
1. Mice  were kept  a t  35,000 f ee t   ( s ea   l eve l  02) fo r   3 ,  7, 14, and  30  days. 
They were then challenged with 1 , 3, or 100 I;D501s of Staph. aureus. 
There ~7as no d i f f e r e n c e   i n   m o r t a l i t y   b e t w e e n   a l t i t u d e  and ambient pres- 
sure  groups.  
Staph.  aureus.  Then, i n  30 seconds, a l l  were given  Lincomycin a t  0.5 
CD50, 1 CD50, and  3 CD50 (median cura t ive  doses) .  
11. Mice were exposed t o  a l t i t u d e  as above,  and  then  given 100 LD50ls of 
Treatment with Lincomycin a t  0.5 CD50 or  1 CD50 t7as less e f f e c t i v e  i n  re- 
duc ing  the  mor ta l i ty  of  the  a l t i tude  s t ressed  mice  than  of  the  cont ro l  mice .  
A t  3 CD50 t h e  d i f f e r e n c e  was absent.  The du ra t ion  o f  exposure  to  a l t i t ude  a l so  
a f fec ted  the  therapeut ic  va lue .  Increased  mor ta l i ty  vas observed i n  mice kept  
a t  a l t i t u d e  t h r e e  and  seven  days. A t  14  days i t  was h igher  than  cont ro ls ,  bu t  
a t  30 days the mortal i ty  was t h e  same. 
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"For s t a t i s t i c a l  a n a l y s i s  ( I t '  t e s t ) ,  d a t a  from ambient and a l t i t ude  g roups  
were  pooled  i r respec t ive  of  the  leve l  of  an t ib io t ic  or  dura t ion  of  exposure .  
The d i f f e rence  t7as s i g n i f i c a n t  a t  5%. Effect iveness  was reduced when t h e  
hos t  was kept a t  a l t i t u d e  of 35,000 f e e t  f o r  up t o  14 days .I' 
Ehrl ich,  R.;  and Mi l l e r ,  S. : Effec t  of  High A l t i t u d e  on Res is tance  to  Inha la t ion  
VEE Virus  Infection.  Arch.  Environ.  Health,  vol. 16,  no.  4,  Apr. 1968,  pp. 
469-47 1. 
Guinea pigs were placed i n  a chamber a t  a p res su re  a l t i t ude  o f  12,000 f e e t  
f o r  7 or 14 days,  then challenged with an aerosol of VEE v i r u s .  They were 
then  kept  a t  ambient pressure. 
"The m o r t a l i t y  was increased  for  an imals  exposed  to  a l t i tude  of 12,000 f e e t .  
The increased  mor ta l i ty  was n o t  s i g n i f i c a n t  a t  t h e  5% l e v e l .  However,  a trend 
toward higher mortali ty was observed i n   f i v e  of seven groups exposed seven days, 
and 9 of  13 groups  exposed  14  days.  Comparison of average  surv iva l  t ime re -  
vealed no s i g n i f i c a n t  e f f e c t  of a l t i t u d e  s t r e s s . "  
Gall, L. S. ;  and  Riely, P. E.:  Effect  of  Diet and  Atmosphere on I n t e s t i n a l  and 
Skin  Flora. NASA CR-661, Apr.  1967. 
Eight male s u b j e c t s  were confined for  34 days. Two were k e p t  i n  a con t ro l  
area,  and s ix  i n  a chamber, a t  27,000 f e e t  and 100% 02 f o r  20 days of the 
period. Cultures were made of body areas, t h r o a t s  , and stools. There were 
s l i g h t  i n c r e a s e s  i n  s t r e p t o c o c c i  i n  t h r o a t s  and buccal  areas .  In  test  and 
cont ro l  groups ,  there  was a bui ldup of  bacter ia ,  reaching a p l a t eau  a t  mid- 
point,  then remaining constant o r  declining. There was s l i g h t l y  more of a 
bu i ldup  in  the  chamber t h a n  i n  t h e  c o t t a g e  c o n t r o l .  S h i g e l l a  Poly_g, Bethesda- 
Ballerup, and coagulase posit ive staphylococci were i s o l a t e d  from some sub jec t s .  
There t7as apparent ly  no t r ans fe r ,  excep t  one staphylococcus. There t7as no 
ill e f f e c t .  
It is  d i f f i cu l t  t o  s epa ra t e  the  e f f ec t s  o f  a tmosphe re  and  p res su re  from those 
of confinement  and  crowding.  Dimensions  of  the chamber  and control  "cot tage" 
were d i f f e r e n t ,  as were numbers  of persons confined. 
Giron, D. 3.; Pindak, F. F.;  and  Schmidt, J. P.:  Effect  of a Space  Cabin  Envir- 
onment  on Viral Infection.  Aerospace Med., vol. 3 8 ,  no. 8 ,  Aug. 1967, pp. 
832 -834.  
Inc reased  suscep t ib i l i t y  t o  mengov i rus  In fec t ion  was demonstrated i f  animals 
condi t ioned  to  380 nun Hg t o t a l  p r e s s u r e  (p02 = ground l e v e l )  f o r  14 days 
were re tu rned  to  ground l eve l  a f t e r  i n fec t ion ,  o r  i f  non-cond i t ioned  an ima l s  
were exposed to  a l t i tude  a f te r  in fec t ion .  Condi t ioned  an imals  remain ing  a t  
a l t i t u d e  a f t e r  i n f e c t i o n  were NOT more suscept ible  than ground controls .  
However, if conditioned animals were kept a t  gr.ound l e v e l  f o r  one hour and 
then  r e tu rned  to  a l t i t ude ,  t hey  were  s ign i f i can t ly  more suscep t ib l e .  
Giron, D. J .;  and  Schmidt, J. P.:  Viral   Antibody  Production  in Animals  Exposed 
t o  a Space  Cabin  Environment. USAF SAM TR-66-82, Sept. 1966. 
Rabbits acclimatized for seven days a t  a c a b i n  a l t i t u d e  of 18,000 fee t  wi th  
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sea level p02 were give a Se r i e s  o f  i n j ec t ions  of pu r i f i ed  vacc in i a  v i rus  
over a per iod of  f ive weeks,  in  the chamber. Control rabbits were kept a t  
ground l e v e l  and  rece ived  ident ica l  in jec t ions  from the same virus  pool .  
An t ibod ies  were  t e s t ed  fo r  neu t r a l i za t ion  t i t e r s  and d i s t r i b u t i o n  i n  f r a c -  
t ions  separa ted  by  column  chromatography. No d i f fe rences  in  an t ibodies  be-  
tween the two groups were noted. 
Gordon, F. B. :  e f f e c t s  o f  High  and Lot? Barometric  Pressures on S u s c e p t i b i l i t y  
and  Resistance  to  Infection.  Continuing Series of  Quarterly  Status  Reports,  
NASA Contract  X-R-21-010-010.  Present  reviews  included a group  with  the 
earliest  covering the period July-September 1966, and the latest  January- 
March 1968. 
A cont inuing  ser ies  of experiments a t  the Naval Medical Research Insti tute has 
compared, i n  gene ra l  and i n  many separate experiments,  responses of animals 
he ld  in  three  envi ronmenta l  s i tua t ions :  (a )  a t  3.1 p s i  and  100%  02, co r re s -  
ponding t o  37,000 f e e t  w i t h  sea l e v e a l  pop,  (b) a t  95 ps ig  and 2.8% 02, cor- 
responding  to  a depth  of 213 f e e t ,  and  (c)   ground  level .   In   addi t ion,  a 
number of  experiments  with al tered p02 have been reported. 
Studies on e n t e r i c  f l o r a  showed Klebs i e l l a  species f ive  logs  more  numerous i n  
t h e  a l t i t u d e  group  than in the controls.  Aberrant coliforms were found to be 
present  in  increased  numbers in  the  a l t i tude  group.  Enterococc i  were s i g n i -  
f ican t ly  increased .  
This series a l so  inc ludes  a r e p o r t  from a round Table a t  Hotel  Taft  on 2 May 
1967 (NASA CR-84682). Reports   f rom  the  several   par t ic ipants  are covered i n  
i n d i v i d u a l  r e p o r t s  l i s t e d  e l s e w h e r e  i n  t h i s  s e c t i o n .  
Green, G. M.; and Kass, E. H.: Inf luence  of   Bacter ia l   Species  on  Pulmonary 
Res i s t ance  to  In fec t ion  in  Mice Subjected to Hypoxia, Cold Stress, and 
Ethanol ic   In toxica t ion .  Brit. J. Exp. Pathol. ,   vol.   46,   no.  3, June  1965, 
pp.  360-366. 
With hypoxia,  the clearance of Staphylococcus albus and staphylococcus aureus 
v7as i n h i b i t e d .  
Huang, K. Y.; and  Gordon, F. B.: Product ion   of   In te r fe ron   in  Mice: Effect   of  
Altered Gaseous  Environments. Appl. Microbiol.,  vol. 16,  no.  10,  Oct. 
1968 , pp. 1551-1556. 
Nemas t l e  Disease Virus  t7as 
of i n t e r f e r o n  were observed 
i n  N2 for  three days before  
i n t e r f e r o n  was unchanged. 
used as an  interferon  inducer .   Increased  levels  
i n  lung  t issue when mice were exposed t o  11% 02 
and a f t e r ,  o r  o n l y  a f t e r ,  i n j e c t i o n  o f  NDV. Serum 
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Interferon  production  was  depressed  in  mice  kept  at 37,000 feet  for  two 
weeks;  it  was  not  depressed  in  mice  kept  at  this  altitude  for  four  weeks. 
Jensen, M. $1.; and  Rasmussen, A. F.: Stress  and  Susceptibility  to  Viral  Infec- 
tion.  Sound  Stress  and  Susceptibility  to  Vesicular  Stomatitis  Virus.  J. 
Immunol.,  vol. 90, no. 1, Jan. 1963, pp. 21-23. 
Mice  exposed  to  three  hours of 123 db  noise  at 800 cps  immediately  before 
or  after  infection  with  VSV,  and  then  exposed  similarly  each  day,  were  more 
susceptible  to  VSV  than  were  controls.  Similar  results  were  noted  if  the 
mice  were  inoculated  after  the  second  Period  of  stress  were  more  resistant 
than  were  controls.  Stress  periods  were  reduced  to 15 minutes.  If  mice 
inoculated  just  before  the  second  period  of  stress,  they  were 43% mo
susceptible  than  were  controls.  If  inoculated  after  the  second  stress, 
there  was an insignificant 9% increase  in  susceptibility. 
Mieszkuc, B. J.;  and  Ehrlich, R.: Effects  of  Space  Cabin  Environmnents  on I - 
fection. NASA CR-62065, Oct. 1966. 
The  environment  selected  was 5 psi (27,000 feet). 98% 02, 25' C. , and 50% 
relative  humidity.  Mortality  was  increased  significantly  when  mice  were 
challenged  with 5. pneumonia  aerosols  after  exposure  to  the  space  cabin  en- 
vironments  for 3,  14, or 30 days. Also when  challenged  at  ground  level 24 
hours  after 30 or 45 days  at  altitude.  However,  mortality  was  not  increased 
if  mice  were  kept  at  altitude  for 14 days,  and  challenged 24 hours  after 
return  to  ground  level. 
Exposure  to  the  space  cabin  atmosphere  before  and  after  exposure  to 300 
and 500 rads  of  gamma  radiation  resulted  in a significant  increase  in  mor- 
tality.  The  space  cabin  environment  alone or with  radiation  had  no  effect 
on Staph.  aureus  infection  or  its  response  to  treatment. 
Mieszkuc, B. J.;  and  Ehrlich, R.: Effects  of  Space  Cabin  Environments  on  Re- 
sistance  of  Mice  to  Infection  with  Klebsiella  pneumoniae. USAF-TDR-64-9. 
Mar. 1964. 
The  environment  selected  was 35,000 feet  at 85% 02, 10% C02, and 5% N2. Mice 
were  kept  at  altitude  for 3, 7, 14, and 30 days  prior  to  challenge  with E .  
pneumoniae  aerosols.  Others  were  kept  at  ground  level  pressure  for  similar 
periods.  Following  challenge,  both  groups  were  divided,  half  being kepe at 
ambient  pressure  and  half  at  altitude. 
Animals  held  at  ambient  pressure  before  challenge  and  at  altitude  after  chal- 
lenge  showed  no  significant  difference  in  mortality  ratio  from  controls  kept 
at  ambient  pressure  before  and  after  challenge. 
Animals  maintained  at  altitude  for 3,  7, or 30 days  prior  to  challenge  showed 
no  significant  difference  in  mortality  from  controls,  regardless  of  whether 
held  at  ambient  pressure  or  altitude  after  challenge.  However,  animals  held 
at  altitude  for 14 days  prior  to  challenge  showed  higher  mortality  ratios, 
regardless  of  whether  held  at  ambient  pressure  or  altitude  following  challenge. 
Petrov, R.: Problems  of  Space  Immunology.  Medical  Gazette,  (Moscow), Nov. 19, 
1965, p. 3. 
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I n  t h i s  newspaper- type report ,  the  author  offers  conjecture  on immunological 
hazards from "sea l ing  of people i n  a n  ampule."  Exchange  of microf lora  among 
occupants  of  the  capsule ,  sh i f t s  in  response  to  space  condi t ions ,  poss ib le  
mutation of organisms, possible impairment of immunity and phagocytosis, and 
deprivation from replenishment of new organisms, a l l  have a p o t e n t i a l  f o r  i m -  
pairment of health.  Organisms present  on other  planets  may not be recognized 
by t h e  body as "foreign", and may b e  a b l e  t o  p r o l i f e r a t e  i n  t h e  body without  
stimulation of defense mechanisms. 
S'chmidt, J. P . :  R e s i s t a n c e  t o  I n f e c t i o u s  Diseases V s .  Exposure t o  Hypobaric 
Pressure  and  Hypoxic,  Normoxic,  or  Hyperoxic  Atmospheres. Fed. Proc.   vol.  
28,  no. 3, May-June 1969,  pp.  1099-1103. 
Mice i n f e c t e d  i n t r a p e r i t o n e a l l y  w i t h  E. t u l a r e n s i s  o r  E. psudotuberculosis  
and kept a t  a s imula t ed  a l t i t ude  o f  18 ,000  f ee t  w i th  43% oxygen (normoxic) 
showed no d i f f e r e n c e s  i n  m o r t a l i t y  o r  s u r v i v a l  time from c o n t r o l s  s i m i l a r l y  
in fec t ed  bu t  kep t  a t  ground level. 
I n  a s tudy on hypobaric hypoxia (18,000 feet and 20% oxygen), mice were i n -  
f e c t e d  i n t r a p e r i t o n e a l l y  w i t h  E, t u l a r e n s i s .  Those kept  a t  a l t i t u d e  and 
hypoxic showed less r e s i s t ance  than  d id  those  kep t  a t  ground l e v e l  a f t e r  
i n f e c t i o n ,  as measured by days when 50% were dead and by numbers dead on 
the 8th day. 
In  another  s tudy ,  a l t i tude  wi th  hyperoxia  (18 ,000  fee t  and  100%  oxygen) was 
used,   exposures   being  intermit tent .  Mice i n f e c t e d  i n t e r p e r i t o n e a l l y  w i t h  
P. t u l a r e n s i s  and so  exposed  before  and/or  a f te r  in fec t ion  showed s h o r t e r  
s u r v i v a l  times than  d id  those  kept  a t  ground level before  and  af te r  in fec t ion .  
In  ano the r  series of experiments,  four groups of mice were given intraperi-  
toneal doses of mengovirus. One group was kept  a t  a s i m u l a t e d  a l t i t u d e  of 
18,000 feet  with 43% oxygen (normoxic) both before and a f t e r  i n f e c t i o n ,  a n  
o the r  a t  s i m i l a r  a l t i t u d e  b e f o r e  a n d  a t  ground l e v e l  a f t e r  i n f e c t i o n ,  a 
t h i r d  a t  ground l e v e l  b e f o r e  a n d  a t  a l t i t u d e  a f t e r  i n f e c t i o n ,  and the  fou r th  
a t  ground l eve l  bo th  be fo re  and a f t e r  i n f e c t i o n .  The ca l cu la t ed  LD50 doses 
of mengovirus were s l i g h t l y  lower in  the  an ima l s  sub jec t ed  to  changes  in  
pressure ( a l t i t u d e  t o  ground or  v ice  versa)  than  in  those  kept  cont inuous ly  
a t  a l t i t u d e  o r  ground l eve l  be fo re  and a f t e r  cha l l enge ,  sugges t ing  tha t  
changes in  pressure  reduced  res i s tance .  S imi la r  s tud ies  w e r e  t hen  ca r r i ed  
out  us ing  18 ,000  fee t  s imula ted  a l t i tude  but  wi th  only  20% oxygen (hypoxic 
environment). Under these  condi t ions  of mild hypoxia,  there were no d i f -  
ferences among t h e  m50 doses  for  the  four  groups ,  bu t  there  was a sugges- 
t ion of  longer  survival among t h o s e  k e p t  a t  a l t i t u d e  a f t e r  i n f e c t i o n .  
A l i s t e n e r  t o  D r .  Schmidt 's  paper noted that experiments reported here were 
based on groups of mice kept ten-to-a-cage, and pointed out that i n  r a d i a -  
t i o n  s t u d i e s ,  i f  p o s t i r r a d i a t e d  a n i m a l s  a r e  k e p t  one t o  a c a g e ,  r e s u l t s  are 
d i f f e r e n t  from  those  obtained  with  two,  f ive  or  ten  to a cage. D r .  Schmidt 
r e p l i e d  t h a t  h e  had seen no evidence of  cross  infect ion,  and that  s ince a l l  
groups were handled i n   t h e  same way, t h e r e  w a s  no reason  to  ques t ion  the  
v a l i d i t y  o f  t h e  d a t a .  
Schmidt, J. P.;  Cordaro, J. T . ;  and  Ball ,  R. J . :  Ef fec t  of  Environment  on 
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Staphylococcal  Lesions  in Mice. Appl.  Microbiol.,   vol.  15, no. 11, Nov. 
1967, pp 1465-1467. 
197 mice were exposed to  p re s su re  co r re spond ing  to  27 ,000  f ee t ,  w i th  70% 
02 (ground level p02)  for  14  days. C02 was absorbed.  Temperature was held 
a t  20° C. 192 mice were he ld  a t  ground level. A l l  were then  given  sub- 
cutaneous inject ion of  3 .5  x 108 colony-forming units of Staphylococcus 
aureus.  Each group was then divided into two, one being held a t  ground 
l e v e l  and the  o the r  a t  a l t i t u d e .  The median day of healing was reported:  
a.  Ground - -  ground  20.8  days 
b .   A l t i t ude  -- a l t i t u d e   3 5 . 3  da'ys 
c. Ground -- a l t i t u d e  20.9  days 
d .  A l t i t u d e  - -  ground  35.4  days 
I t  was  concluded that holding a t  a l t i t u d e  p r i o r  t o  i n f e c t i o n  d e l a y e d  t h e  
healing  process.   Moreover,   lesions  in  the  animals  previously  exposed  to 
a l t i t u d e  w e r e  s a i d  t o  b e  l a r g e r .  
"Healing" w a s  no t  def ined .  Ind iv idua l  les ions  were not  reported as having 
been measured. 
Schmidt, J .  P . ;  Cordaro, J. T . ;  Busch, L. F . ;  and Bal l ,  R. J , :  Influence  of 
I n t e r m i t t e n t  98% Oxygen a t  3 8 h  Hg Pressure on Suscep t ib i l i t y  t o  Tu la remia .  
USAF SAM-TR-67-9, Jan.  1967. 
Mice were condi t ionedbyexposure  three  times weekly for two weeks a t  98% 
oxygen  and  380 mm Hg p res su re  fo r  two to  e ight  hours  of  exposure.  They 
were t h e n  i n f e c t e d  i n t r a p e r i t o n e a l l y  w i t h  P a s t e u r e l l a  t u l a r e n s i s  and s i m i -  
l a r l y  exposed  or  kept a t  ground  level. The length of exposure did not 
i n f l u e n c e  s u s c e p t i b i l i t y .  Animals  exposed t o  a l t i t u d e  b e f o r e  i n f e c t i o n ,  
r ega rd le s s   o f   cond i t ions   a f t e r ,  showed inc reased   suscep t ib i l i t y .  Condi- 
t ioned animals r ece iv ing  add i t iona l  exposure  were n o t  more suscep t ib l e  than  
those  r e t a ined  a t  g round  l eve l  a f t e r  i n fec t ion .  
Schmidt, J .  P . ;  and  Pindak, F. F . :  Statolon-Induced  Resistance of Mice t o  
Mengovirus. App l .  Microbiol;  vol.  15,  no.3, May 1967,  pp.  654-656. 
Mice r e c e i v i n g  s t a t o l o n  i n t r a p e r i t o n e a l l y  were 1,000 times more r e s i s t a n t  
to  in t raper i tonea l  cha l lenge  wi th  mengovi rus  than  were untreated controls .  
P ro tec t ion  was afforded when s t a t o l o n  was administered one day before or 
one day a f t e r  i n t r a p e r i t o n e a l  i n o c u l a t i o n  w i t h  t h e  v i r u s .  No the rapeu t i c  
e f f e c t  was observed when t rea tment  wi th  s ta to lon  was delayed for  two days or 
more a f t e r  i n f e c t i o n .  Exposure  of  mice t o  a simulated space cabin  environ- 
ment d i d  n o t  i n c r e a s e  t h e i r  s u s c e p t i b i l i t y  t o  t h e  l e t h a l  e f f e c t s  o f  mengo- 
v i r u s  i n f e c t i o n  o r  e l i m i n a t e  t h e  p r o t e c t i v e  e f f e c t  o f  s t a t o l o n .  
Smith,  F;  Altland, P. D . ;  and Highman, B . :  Effect   of  High Alti tude  Acclima- 
t i z a t i o n  on Formation  of Sheep Erythrocyte Hemolysin i n  Rats. J. I n f e c t .  
Diseases,  vol  108,  no.3,  June  1961, --. 311-314. 
The antibody response of ra ts  t o  sl-eep erythrocytes  was increased when the  
animals  were  exposed t o  a n  a l t i t u d e  o f  1 6 , 0 0 0  f e e t .  The same authors  re- 
ported similar f i n d i n g s  i n  r a b b i t s  i n  t h e  same j o u r n a l ,  v o l  113,  pages 228 
232,  1963. 
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Tengerdy, R. P.;  and Kramer, T.: Immune  Responses of Rabbits  During  Short 
Term  Exposure  to  High  Altitude.  Nature, vol. 217, Jan. 27, 1968, pp. 
367 -369. 
Rabbits were exposed  to  a  simulated  altitude  of  20,000  feet,  either  before 
or  concurrently  with  immunization  with  ovotransferrin  and/or  sheep  erythro- 
cytes.  One  group which  received  altitude  exposure  and  immunological 
stimulus  concurrently  showed  significantly  higher  hemagglutinin  titers  at 
20 days,  though  the  difference  was no longer  present  after  35  days.  The 
anamnestic  response  was  not  influenced  by  altitude. 
Trapani, I. L.: Altitude,  Temperature,  and  the  Immune  Response.  Federation 
Proceedings,  vol. 25, July-August  1966, pp. 1254-1263. 
A  group  of  test mice  were  kept at an altitude  of 10,600 feet, and  controls 
were  kept  at  Denver  (5,280 feet). Both  were  immunized  with  bovine  serum 
albumin.  Antibody  titers  were  higher  in  the  altitude  group. 
A group  of  mice kept at Denver,  and  another  adapted  to  14,150  feet  were  in- 
fected  intranasally  with PR8 influenza  virus.  One half  of the  Denver  group 
was  dead  in six  days; one  half  of  the  altitude  group  was  dead in 28 days. 
Trapani, I. L.: Environment,  Infection,  and  Immunoglobulin  Synthesis.  Fed. 
Proc.  vol.  28,  no. 3 ,  May-June  1969, pp. 1104-1106. 
Mice  were  acclimatized  and  kept  at  three  different  altitudes:  5,280  feet 
10,600  feet,  and  14,150  feet.  Eighty  mice  at  each  altitude  were  immunized 
with  similar  doses  of  sheep  red  blood  cells.  At  each  altitude,  one  group 
of  eight  mice were sacrificed  each  day  for  ten  days  after  injection,  for 
determination of antibody  titers  and  enumeration of plaque-forming  (anti- 
body-forming)  cells in the  spleen.  The  animals  kept  at  14,150  feet  showed 
fewer  antibody-producing  cells  in  spleens  on  the  fourth  day -- the day  of 
maximum  response -- than  did  those  kept  at  lower  altitudes. 
Circulating  antibodies  reached  a  peak in five  days  in  the  animals  kept  at 
5,280  feet,  in  four  days in those  kept  at  14,150  feet,  and  in  six  days  in 
those  kept  at  10,600  feet;  antibody  titers  from  animals  kept  at  14,150  feet 
were somewhat  lower  than  those  of  animals kept  at  5,280 feet  or  10,600  feet. 
Serum  specimans  were  treated  with  2-mercaptoethanol (2"E), which  allows 
differentiation  of  large  molecular  weight  immunoglobulins (2-ME sensitive) 
€rom  those  of  lowermolecular  weight.  Titers  after 2-ME treatment  were  the 
same  for all altitude  groups,  suggesting  that  the  superior  responses  at 
lower  altitudes  were  attributable  to  immunoglobulins  of  high  molecular 
weight. 
Zeft, H. J.; Marable, I. W.; Casey, H. W.; and Glenn, W. G.: Effect  of  High 
Altitude  Hypoxia  on  Antiheart  Antibodies  and  Experimental  Myocarditis. 
Arch.  Pathol,  vol. 82, Nov.  1966,  pp.  434-442. 
Antiheart  antibodies  were  not  increased  by  hypoxia.  There  was  slightly  more 
focal  myocarditis  seen  in  the  hypoxic  animals. 
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SPACE FOODS 
Nutrit ional adequacy of foods developed for space operations has not 
been  questioned. The p o s s i b i l i t y  t h a t  t h e  p r o l o n g e d  u s e  of these  spec ia l  
foods might produce a ha rmfu l  e f f ec t  t h rough  a l t e r a t ion  o f  t h e  i n t e s t i n a l  
f lora   has   been  the  subject   of   considerable   s tudy.  Gall, Riely,   and  associ-  
a t e s  (1969,  1966,  1966,  1966)  have  reported  upon  groups  of  subjects  confined 
in  space  cabin  s imula tors  and  us ing  f reeze-dr ied  d ie t s .  In  some r e p o r t s  a 
s h i f t  i n  t y p e s  of organisms  has  been  nbted.  In  one  of  the  reports  (1966) 
t h e  s h i f t  was s a i d  t o  h a v e  r e s u l t e d  i n  a f lora  having  a reduced capacity for 
synthesis  of  cer ta in  B-vi tamins.  In  no case,  however, was t h e r e  a n y  c l i n i c a l  
ev idence  of  d i sease  or  reduced  res i s tance  to  infec t ion .  In  one in s t ance  a 
paracolon organism (Bethesda-Ballerup group) of uncer ta in  pa thogenic i ty  was 
i s o l a t e d  from one subjec t  a f te r  having  previous ly  been  i so la ted  from an- 
other,   with  an  implication  of  possible  transmission  or  exchange.  Cordaro 
and colleagues (1966) reported upon an eight-week study of subjects  confined 
i n  a chamber a t  258 nun Hg pressure and an atmosphere of helium-oxygen. Stool 
c u l t u r e s  showed counts of a l l  organisms which were normal l i m i t s  throughout, 
except for enterococci, which diminished during the use of an experimental 
f reeze-dr ied  d ie t ,  and  re turned  on resumption of a normal d i e t .  
The conclusion seems warranted that prolonged use of space foods w i l l  
not  have any deleter ious effect  on r e s i s t a n c e  t o  i n f e c t i o n .  
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124 stool specimens were examined i n  t h e  56  day  study.  Counts of a l l  organ- 
i s m s  were within normal  ranges,  except  for  enterococci ,  which diminished 
during the u s e  of experimental  f reeze-dr ied diet ,  and returned on the resump- 
t i o n  of the  normal  d ie t .  The change was no t  of c l i n i c a l  s i g n i f i c a n c e .  
Gall, L. S. ;  and  Riely, P. E . :  E f f ec t  of Diet and  Atmosphere on I n t e s t i n a l  and 
Skin  Flora  Vol.  I - Experimental Data. NASA CR-661, 1967. 
E igh t  hea l th  sub jec t s  were confined for  34 days using dehydrated space rations.  
I n  t h e  f e c e s ,  c e r t a i n  a n a e r o b e s  s t a r t e d  t o  i n c r e a s e  and cont inued.   Shigel la  
Poly B, Bethesda-Ballerup, and a coagulase posi t ive s taphylococcus w e r e  i so -  
la ted  f rom one  subjec t ,  bu t  caused  no  i l lness  and were not  t ransfer red ,  except  
that  Bethesda-Ballerup was i s o l a t e d  from the  f eces  on one sub jec t  a f t e r  hav ing  
previously been isolated from feces  of another.  
Riely,  P.  E . :  E f f e c t  of Simulated  Space  Conditions  Including Diet on Microbial  
P r o f i l e s  of Twenty Subjects.   Paper  presented a t  37th  Annual  Meeting, Aero- 
space Medical Assn. (Las Vegas , Nev. ),  Apr . 1966. 
Twenty s u b j e c t s  were k e p t  i n  a chamber fo r  fou r  weeks a t  a l t i t u d e ,  consuming 
space  ra t ions .  There  w a s  some s h i f t i n g  of anaerobic  types of microorganisms 
i n  t h e  f e c e s ,  b u t  no symptoms re la ted  to  these  changes .  
Riely,  P .  E . ;  Beard, D .  B . ;  and Gatts, J .  : E f f e c t s  Real and Relat ive of a Space- 
type  Diet on the  Aerobic and Anaerobic  Microflora of Human Feces.  Aerospace 
Med. vol.  37,  no. 8 ,  Aug. 1966, pp .  820-824. 
Four s u b j e c t s  were confined i n  an  expe r imen ta l  ac t iv i ty  f ac i l i t y  fo r  a six- 
week period. Two used a freeze-dried  and  compressed  space  type  diet; two 
used a d i e t  of similar foods,   ei ther  fresh  or  canned.  Subjects  exchanged 
d i e t s  midway in  the  exper iment .  Aerobic  and anaerobic  cu l tures  of s t o o l s  w e r e  
made throughout. The authors  found some d i f f e rences  among t h e i r  s u b j e c t s ,  by 
cont ras t  wi th  o ther  repor t s ,  no tab ly  a grea te r  preva lence  of Shigel la  groups 
B and AD, and of coli   types  normally  considered  enteropathogenic.  Some organ- 
i s m s  were found  which were n o t  i d e n t i f i e d .  No cons is ten t  d i f fe rences  appeared  
i n  t h e  a n a e r o b i c  c h a r a c t e r  o r  t y p e s  of organisms isolated when t h e  d i e t  was  
s h i f t e d  from dehydrated t o  f r e s h ,  o r  v i c e  v e r s a .  
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Riely ,  P. E . ,  Geib, D.,  and Shorenstein,  D.: Determination of the  Indigenous 
Microflora  of Men in  Controlled  Environments.  NASA-CR-78599, 1966. 
The a u t h o r s  r e f e r  t o  s t a t e m e n t s  of Bell, e t  a l .  (Textbook  of  Physiology  and 
Biochemistry, Williams & Wilk ins ,  1961) ,  t o  t he  e f f ec t  t ha t  V i t amin  K is  syn- 
thes ized  by i n t e s t i n a l  f l o r a ,  and l i k e l y  a l s o  B vi tamins;  i t  i s  l i k e l y  t h a t  
bac t e r i a l  syn thes i s  i n  the  lower  a l imen ta ry  t ract  i s  responsible  for  supply-  
i n g  a s u b s t a n t i a l  p o r t i o n  of man's dai ly  requirement  of r i b o f l a v i n ,  n i c o t i n i c  
a c i d ,  b i o t i n ,  f o l i c  a c i d ,  and  vitamin.K.  Fresh  and  dehydrated  diets were used 
s i x  weeks, 
The authors  concluded that  a change i n  predominant ly  anaerobic  bac ter ia  in  
some cases  seemingly resul ted in  a f l o r a  which would produce a smaller amount 
of v i t a m i n s .  I n  p a r t i c u l a r ,  B12 seemed t o  b e  s i g n i f i c a n t l y  r e d u c e d  i n  one 
experiment, as  d id  r ibo f l av in  in 6u r  expe r imen t s ,  n i ac in  in  fou r ,  pan to then ic  
a c i d  i n  t h r e e ,  and f o l i c  a c i d  i n  f o u r .  
The reader  should recognize that  the reduct ions in  vi tamin product ion were not  
ac tua l ly  measu red ,  i n  v ivo ;  r a the r ,  t hey  were sums of p o t e n t i a l s  of s t r a i n s  of 
organisms isolated.  
It  was  recommended t h a t  i f  c e r t a i n  d i e t s  c a u s e  s u b s t a n t i a l  l o w e r i n g  of B-vit- 
amins produced by b a c t e r i a ,  t h e n  f o r t i f i c a t i o n  of t h e  d i e t  may be necessary.  
E l - B i s i ,  H .  J.: Microbiological  Requirements of  Space Food Prototypes.  Army 
Research Inst .  of Environmental  Medicine,  Activit ies Report ,  vol.  1 7 ,  no. 1, 
1965, pp 54-61. 
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WEIGHTLESSNESS 
Two major  effects  of  weightlessness  appear  to  be  of  possible  signifi- 
cance.  Berry (1969)  commented  upon a lack of sinus  drainage  in  the  weight- 
less state, and  noted  that  this  might  delay  recovery  from  upper  respiratory 
infection.  Sinusitis, of course,  is  not  necessarily a complication  of 
every  respiratory  infection.  In  the  case  of  the  in-flight  "colds"  suffered 
by  the  astronauts  in  Apollo  VII,  however,  complaints  of  sinus  fullness  were 
noted,  and  recovery  was  slow. 
Loudon (1964)  expressed  the  view  that  the  lack  of  gravity  might  pro- 
long  the  aerial  suspension  of  droplets  and  droplet  nuclei,  leading  to a 
buildup  of  airborne  organisms  and  particles  within  the  spacecraft.  The 
need  for  in-flight  sampling  has  been  recognized  by  staff  members  at  the 
Manned  Spacecraft  Center  but  weight  and  space  constraints  have  prevented 
incorporation  of  such  studies  into  mission  porgrams  to  date. It is as- 
sumed  that  studies  of  this  kind  are  among  those  to  be  scheduled  for  the 
Orbital  Workshop,  in  the  Apollo  Applications  Program. 
Conjecture  regarding a further  effect  of  weightlessness  was  expressed 
by  Zhukov-Verezhnikov ( 1 9 6 5 ) .  The  possibility  was  noted  that  weightlessness 
might  have  had a part  in  the  induction  of  phage  production  in E. coli, 
There  is no  evidence  to  support  this  conjecture. 
A possible  beneficial  influence  of  weightlessness  may  be  hypothesized 
with  respect  to  ciliary  clearance  of  particulate  material  from  the  lower 
respiratory  tract.  In  the  absence of gravity,  it  is  entirely  possible  that 
cilia  of  the  lower  respiratory  tract  may  more  easily  sweep  particles up- 
w a r d . ~ ~  that  they  may be  eliminated.  Need  for  in-flight  research  in  this 
area, and on  pulmonary  function,  was  noted  by Ross in 1966. 
One  additional  influence  of  weightlessness  may  be  noted,  though it is
not  likely  to  be  of  significance.  In  the  normal  environment  convection 
currents  are  established  around  body  surfaces  by  warmth  from  the  body. 
These  currents  contribute  to  the  dissemination  of  skin  organisms  through 
the  environment.  In  the  weightless  state,  convection  currents  do  not  exist. 
Conceivably  dissemination  of  skin  organisms  may  be  reduced,  and  the  buildup 
of  organisms  in  the  environment  may  be  less  notable  than in the  normal 
gravity  field. 
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With r e spec t  t o  we igh t l e s sness  and response t o  i n f e c t i o n ,  t h e  a u t h o r  n o t e s  
the  l ack  of s inus  dra inage  dur ing  the  weight less  state,  a condi t ion  assumed 
to  de l ay  r ecove ry  from upper respiratory tract  in fec t ion .  
Under space f l igh t  cond i t ions ,  r educ t ion  of g rav i ty  w i l l  p r o l o n g  t h e  a e r i a l  
d rop le t s  and drople t  nuc le i .  Phys ica l  decay  of f a l l o u t  p a r t i c l e s  w i l l  become 
n e g l i g i b l e ,  and the removal  of  par t ic les  w i l l  depend on impact, f i l t r a t i o n ,  
o r  t h e r m a l  o r  e l e c t r o s t a t i c  p r e c i p i t a t i o n .  Common sap rophy tes  migh t  i n i t i a t e  
i n f e c t i o n s  i n  a c losed   eco logica l   sys tem.   Skin ,   ha i r ,   c lo th ing ,   food ,   and  
the  r e sp i r a to ry  t r ac t  t h rough  the  a tomiza t ion  of saliva and d rop le t s  from t h e  
lower  par t  of t h e  r e s p i r a t o r y  t rac t ,  might be sources. 
Zhukov-Verezhnikov, N .   N . ;  Rybakov, N .  I.; Kozlov, V. A . ;  Saksonov,  P.  P.; 
Dobrov, N .  N . ;  Antipov, V. V. ; Podoplelov, I.  I. ; and Parfenov, G. P.: 
Resul t s  of Microbiological  and Cyto logica l  Inves t iga t ions  Conducted During 
t h e  F l i g h t s  of "Vostok"  Type Vehicles.  Problems of Space  Biology (U.S.S.R.), 
vol .  4,  1965 , pp. 261-269. 
The au thor  conjec tures  tha t  poss ib ly  weight lessness  has  some p a r t  i n  t h e  
induct ion  of phage production i n  ,E. a i  K-12. 
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CONFINEMENT WITH MINIMAL HYGIENE 
(CHAMBER STUDIES) 
Overcrowding has long been recognized as a f a c t o r  which favors propaga- 
t ion of  diseases  spread by contact  or  through the respiratory t ract .  Mili- 
t a r y  commanders have  been  ins t ruc ted  for  years  to  provide  120 square  fee t  o f  
f l oo r  a rea  pe r  man in  ba r racks ,  and have been advised to expect se r ious  pro-  
b l e m  from propagat ion of  respiratory disease outbreaks when t h i s  a r e a  is  not  
provided.  Standards  for volume  of s p a c e ,  i n  c u b i c  f e e t  p e r  man, have  been 
less frequent ly  specif ied,  though 120 square feet  of  f loor area i n  a barracks 
w i t h  a n  e i g h t  f o o t  c e i l i n g  would provide near ly  1 ,000 cubic  feet  of  volume 
p e r  man. Such spacious accommodations  have  of  course  not  been  feasible i n  
manned spacec ra f t  t o  da t e .  With a "populat ion densi ty"  higher  than the ideal ,  
exchange of microflora among occupants of spacecraft should not be unexpected. 
This  sect ion summarizes  the rather  considerable  work which has been done 
on the microbiology of  skin and respiratory tracts of  subjects  confined in  
a l t i t u d e  chambers for  vary ing  per iods  of  t i m e .  The next  sec t ion  w i l l  summa- 
r i ze  obse rva t ions  from ac tua l  space  miss ions .  
I n  a  few s t u d i e s  c i t e d  i n  t h i s  s e c t i o n ,  d a i l y  s k i n  c a r e  was car r ied  out .  
In  most,  however, i t  w a s  not .  The l i m i t e d  hygiene w a s  t he re fo re  add i t ive  
with  confinement  and  close  contact. The degree of crowdihg i n  a l t i t u d e  
chambers d id  not  as  a r u l e  match t h a t  of actual  spacecraf t .  Per iods of  ob- 
servat ion ranged from  14  days t o  60 days. 
Studies  on s k i n  f l o r a :  I n  t h o s e  s t u d i e s  i n  w h i c h  d a i l y  s k i n  c a r e  
was permi t ted ,  there  was no buildup of organisms. In a McDonnell  Douglas 
s tudy  (1968) ,  fu l l  da i ly  sponge  ba ths  were permit ted,  and i t  was reported 
t h a t  t h e r e  were  no c o n s i s t e n t  p a t t e r n s  i n  t h e  q u a l i t a t i v e  o r  q u a n t i t a t i v e  
changes in  the  mic rob io log ica l  f l o ra .  Cu l tu re s  were taken from t h e  a x i l l a e ,  
per inea l   reg ions ,  and f e e t  of  sub jec t s .  Moyer, e t  a l .  (1966) l ikewise  noted 
t h a t  a daily sponge bath appeared to keep skin microorganisms in check. 
L o t t e r ,  e t  a l .  (1969)  reported that  skin care  possible  with f ive w i p e s  per  
day prevented buildup of organisms. 
I n  t h o s e  s t u d i e s  i n  which such daily skin care was not  car r ied  out ,  o r  
where washing was l imi ted  to  the  hands  and f ace ,  a buildup of skin organisms 
was observed.  Gall  and  Riely  (Feb.  1967)  observed  increases  of  skin  organ- 
isms in  the  a reas  tes ted  through the  mid-poin t  of  a 34-day study. Most 
organisms were "normal" skin f lora  (Staphylococci ,  micrococci ,  and diphthe- 
r o i d s ) ,  and the re  was no evidence of harm except  for  small  s taphylococcal  
p u s t u l e s   i n  one ind iv idua l .   Pr ince  (1967)  reviewed  evidence of  bui ldup of 
skin organisms during confinement,  most notably in skin of the toes and groin.  
He f e l t  t ha t  sk in  ca re  wi th  th ree  d i sposab le  pape r  w i p e s ,  moistened with 
water ,  would  be adequate  for  prevention  of  any ill e f f ec t .  R ie ly  (1966) com- 
mented  upon the bui ldup of  skin microorganisms,  and noted that  the feet  be-  
came uncomfortable in some s u b j e c t s ,  and p e r s o n s w i t h  h i s t o r i e s  of a t h l e t e ' s  
foot  tended  to  have  recurrence.   Borchardt e t  a l .  (1968)  reported  that   groins 
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and  axillae  were  reservoirs  for  potentially  pathogenic  Enterobacteriaceae. 
Kellett,  et  al.  (1967)  reported  on  the  wearing  of  pressure  suits  for 20 days. 
One  subject  showed  some  flaking  of  the  skin,  and  another  had  two  small 
pustules  over  the  coccyx.  Otherwise  there  were  no  skin  problems.  In  the 
McDonnell  Douglas  study,  there  was  some  desquamation  of  the  feet,  concur- 
rently  with a buildup  of  micrococci.  Rack  and  Loudon  (1965)  included  pre- 
liminary  scrubbing  with  hexachlorophene  soap  on  one  side  of  the  body  before 
subjects  entered  the  experiment.  In  one  individual,  skin  lesions  developed 
on  the feet,  on  the  side  which  had  not  previously  been  scrubbed  with  hexa- 
chlorophene  soap. 
Studies  on  respiratory  tract  flora:  In  most  chamber  studies  some  ex- 
change  of  organisms  among occupan~s has  been  noted.  Lotter  et  al.  (1967) 
noted  "minimal  exchange of  specific  phage  types  of  organisms. I' In  studies  at 
the  Naval  Air  Crew  Equipment  Laboratory  (1966),  minimal  interpersonal  trans- 
fer  was noted, but  the  authors  emphasized  the  potential  for  exchange  of  patho- 
genic  organisms  should  they be  present  in an astronaut,  and  urged  elimination 
of  potentially  pathogenic  organisms  from  proposed  members  of a space  crew,  in 
advance o f  the  actual  mission.  Moyer,  et  al.  (1966)  noted  evidence of trans- 
fer  of  staphylococci  among  subjects  during a 56-day  confinement  in a chamber. 
By  contrast,  in  the McEOmellDouglas experiment  (1968)  Staph.  aureus  found  in 
the  noses  of  two  subjects  prior  to  the  experiment  was  not  transferred  to  others. 
" 
Studies  on  the  environment:  Gall  and  Riely  (Oct.  1967)  noted a buildup 
of  organisms  on  surfaces  in  the  environment,  which  was  influenced  by  the de-
gree  of  crowding  in  the  chamber.  The  organisms  found  reflected  the  hardier 
types  from  skin  and  respiratory  tracts  of  subjects,  including  staphylococci, 
streptococci,  and  diphtheroids.  In  the  Naval  Air  Crew  Equipment  Laboratory re- 
port  (1966),  the  buildup  in  the  environment  was  commented  upon,but  it  was  stated 
that no problem  was  created,  Moyer, et al.  (1966)  reported  cultures  from  air 
samples  during a  56-day  study,  and  indicated  that  there  was  no  cumulative in- 
crease  or  decrease of  aerobic  organisms  in  the  atmosphere. 
Isolation  and  the  concept  of  "microbic  shock".  Luckey  (1966)  developed 
a concept  similar  to  that  expressed  by  Petrov  (see  1965  reference  in  section 
on  atmospheric  pressure  and  composition).  This  is  that  space  travelers,  by 
being  deprived  of  repeated  immunological  stimuli  resulting  from  contact  with 
great  numbers  of  people,  will  lose  their  capacity  to  cope  with  the  infectious 
diseases  found  on  earth.  He  states  that  "the  accumulated  deficits  may  be 
lethal  when  astronauts  return  to  this  microbe-dominated  earth."  This  concept 
gains an  element  of  credibility  from  experience  common  to  isolated  communities 
in  the arctic,  where  a  wave of respiratory  disease  follows  the  arrival  of a
winter  visitor  from  the  outside. This is  not a comparable  situation.  While  the 
potential  for  deconditioning of the  defense  mechanisms  is  by no  means  clear, 
a conjecture  opposite  to  that  of  Luckey  seems  more  than  warranted.  Defense 
mechanisms  against  many  diseases  such  as  diphtheria,  measles,  mumps,  smallpox, 
and  others,  are  relatively  durable  even  without  periodic  renewal  of  contact 
with  the  agent.  Returning  astronauts  might  indeed  suffer  from an  attack  of 
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i n f l u e n z a ,  i f  a new s t r a i n  o f  v i r u s  were c i r c u l a t i n g  i n  t h e i r  home community 
upon the i r  r e tu rn .  O the r  r e sp i r a to ry  d i sease  agen t s  might  pose s i m i l a r  t h r e a t s .  
The l ikelihood of more se r ious  d i sease ,  however, would appear extremely remote 
on the  bas i s  of any present experience. 
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The veh ic l e  was maintained a t  97% oxygen, a t  3.75-5.00 p s i ,  and 88' - 90° F. 
Cultures were made on many s u r f a c e s  i n  t h e  v e h i c l e ,  and  from th roa t s ,  g ro ins ,  
ax i l lae ,  hands ,  and feet   of  the  subjects.   Contamination  of t h e  veh ic l e  was 
minimal  except  for  the ur ine receptacle .  Of the  body areas ,  the  gro in  and 
a x i l l a  were reservoirs  for  pathogenic  Enterobacteriaceae.   Other  organisms 
were non-pathogenic. 
1, L. S . ;  and Riely,  P. E . :  Microbial   Interact ions  of  Men and Their  Environ- 
ment I n s i d e  a Closed  System.  Contamination  Control,  vol. 6 ,  no. 9,  Sept.  1967, 
pp.  20-21. 
Studies were done on e igh t  young  male sub jec t s  who were confined for 34 days. 
Two were i n  a con t ro l  a r ea ,  and s i x  were i n  a chamber h e l d  a t  5 ps ia  with 100% 
02 f o r  20 days and a t  ambient  pressure  for  the  remaining 14 days.  Cultures 
were made of sub jec t s  and environment. The types  of  microorganisms i n  t h e  
environment  ref lected the hardier  t y p e s  of organisms isolated from the  subjec ts ,  
such  as   s taphylococci ,   s t reptococci ,  and coliform  gram-negative  rods.  In  addi- 
t i o n ,  d i p h t h e r o i d s ,  b a c i l l i ,  and slender gram-negative rods were found in the 
environment. The degree of crowding seemed t o  i n f l u e n c e  t h e  r e s u l t s  of t h e  
bui ldup,  both with respect  to  numbers  and types of microorganisms. 
K e l l e t t ,  G.  L.; Turaids,  T.; and  Coburn, K. R.: F u l l  Pressure S u i t s  and Personal 
Hygiene ( in  a Report of the Physiological ,  Psychological ,  and Bac te r io log ica l  
Aspects of 20 Days in  Fu l l  P re s su re  S u i t s ,  20  Days a t  27,000 f e e t  on 100% 
Oxygen,  and 34  Days of  Confinement). NASA-CR-708, Feb.  1967,  pp.  251-254. 
In  exper iments  a t  the  A i r  Crew Equipment Laboratory,  pressure s u i t s  were worn 
f o r  20 days.  Subjects washed t h e i r  hands  and faces   only.  One subject  showed 
some f l ak ing  of the  skin.  Another had two small  pustules  over  the  coccygeal 
area,  which c l e a r e d  a f t e r  washing  with  hexachlorophene  soap.  Otherwise  there 
were no sk in  o r  other problems. 
Gal l ,  L. S . ;  and Riely,  P. E. :  E f f ec t  of  Diet and Atmosphere  on I n t e s t i n a l  and 
Skin Flora  ( in  a Report of the Physiological,  Psychological,  and Bacter iologi-  
cal  Aspects of 20  Days in  Fu l l  P re s su re  S u i t s ,  20  Days a t  27,000  Feet  on  100% 
Oxygen, and 34 Days of  Confinement). NASA-CR-708, Feb.  1967,  pp.  211-236. 
Eight  heal thy subjects  were used,  s ix  confined in  the ACEL chamber  and two 
c o n t r o l s  i n  a "cottage". The chamber  program consisted of one week a t  ambient 
p re s su re ,  one week a t  a l t i t u d e  w i t h o u t  s u i t s ,  two weeks a t  a l t i t u d e  w i t h  p r e s s u r e  
su i t s ,  then  a t  ambient  pressure  w i t h  su i t s .  Cu l tu re s  were made from t h r o a t s ,  
bucca l  a reas ,  ax i l lae ,  g ro ins ,  eyes ,  g lans  penis ,  as w e l l  a s  from f e c a l  samples. 
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The t o t a l  c o l o n i e s  i n  a l l  areas increased as the experiment progressed, 
reaching a p l a t e a u  f o r  most a t  mid-point ,  though throat  cul tures  were more 
v a r i a b l e .  Most organisms represented "normal" skin flora,  and the re  was no 
evidence  of harm i n  34 days.  Staphlococci,  micrococci,  and  diphtheroids 
were found on the skin; streptococci and  a  few mic rococc i  i n  the  th roa t  and 
buccal area; staphlococci,  gram-negative  rods, and s t r ep tococc i  were  found i n  
the environment. 100% oxygen a t  5 p s i a  and the wearing of space suits had no 
e f f e c t  on the  microf lora .  One individual   developed  s taphylcoccal   pustules ,  
but the organisms were not coagulase positive. 
L o t t e r ,  L. P.; Horstman, B. S.;  and  Rack, J. V.: P o t e n t i a l  Hazard  of  Staphy- 
lococci  and Micrococci to Human Sub jec t s  i n  a Life Support Systems Evaluator. 
USAF Aerospace Medical Research Laboratories Technical Reports No.'s TR-67-18, 
722-67-21, TR-67-43,  and  TR-67-45,  1967. 
Subjects  were confined for  s ix  week pe r iods ( two  in  con t ro l l ed  ac t iv i ty  room, 
f o u r  i n  chamber) with minimal hygiene (five wipes per day; tooth brush was used 
with  water).   Cultures  were made o f   r ep resen ta t ive   sk in   a r eas .   Sub jec t s   r e -  
mained hea l thy  wi thou t  dec rease  in  r e s i s t ance  to  in fec t ion ,  and the re  was no 
buildup  of any biochemical  types.  There was minimal  exchange  of  specific  phage 
types of  organisms.  Confinement  under  simulated  aerospace  conditions and 
minimal personal hygiene showed no unique requirement for special  biomedical 
c r i t e r i a .  
Luckey, T. D. :  Potent ia l   Microbic  Shock i n  Manned Aerospace  Systems,  vol.  37, 
no. 1 2 ,  Dec. 1966, pp. 1223-1228. 
The au thor  an t ic ipa tes  dras t ic  impai rment  of a s t r o n a u t s '  a b i l i t y  t o  cope with 
organisms in  the  ear th  envi ronment ,  as a r e s u l t  of dep r iva t ion  from repeated 
exposure  to  these  organisms. He obviously  had  extremely  prolonged  journeys i n  
mind. He s ta tes   that   ant ic ipated  changes  include  decreased  weight   of  lymph 
nodes and decreased plasma cel ls  in  t issues ,  decreased weight  of  l iver  and 
i n t e s t i n a l  walls, and  low white  cell  count  in  blood.  Chemical  changes  expected 
would  be so f t  s too l s ,  odor  changes  r e f l ec t ing  the  dominant microorganisms, 
decreased  l iver  enzymes for  detoxicat ion,  decreased complexi ty  of  metabol ic  
products  f rom in tes t ina l  pu t re fac t ion ,  and decreased synthesis of B vitamins 
and vitamin K. Serum antibody and gamma globul ins  w i l l  decrease.   Suscepti-  
b i l i t y  t o  v i r u s  and cer ta in  "non-pathogenic"  bacter ia  ( i .e .  , E. c o l i )  may be 
increased,  and i .ntoxication  from  bacterial   endotoxins would decrease.  The 
accumulated def ic i ts  may b e  l e t h a l  when a s t r o n a u t s  r e t u r n  t o  t h i s  microbe- 
dominated earth. The problems may be resolved by o r a l  i n o c u l a t i o n  t o  m a i n t a i n  
o r  r eac t iva t e  de fense  mechanisms. 
McDonnell  Douglas Astronaut ics  Co.: 60-Day  Manned T e s t  of a Regenerat ive Life  
Support  System w i t h  Oxygen and  Water  Recovery. P a r t  I1 - Aerospace  Medicine 
and Man-Machine Rest  Results. NASA CR-98500, Dec. 1968. 
Four healthy males were kept in a c losed space cabin s imulator  a t  362 mm Hg 
t o t a l  p r e s s u r e  and  160 mm Hg of oxygen. The regenerative system produced 
oxygen  and  water.  Subjects  gave  themselves f u l l  body sponge  baths. 
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Microbiological  studies  were  carried  out n the  water, on skin  surfaces 
(axilla,  perineum,  feet)  and  noses  and  throats of subjects.  Staph.  aureus 
in the  noses  of  two  subjects  was not passed  to  others.  There  were no consis- 
tent  patterns in the  qualitative  or  quantitative  changes  in  microbiological 
flora.  Anaerobes  decreased  after  25  days,  and  none  were  found  after 30 days  un- 
til  after  egress.  There  was  a  lack  of  Pseudomonas,  even  though  this  organism 
was  present in the  water.  There  was  some  mild  desquamation  of  the  feet,  con- 
current  with  increased  micrococci. 
MoYer, J- E.; Farrell, D. G.; Lamb, W. L.; and  Mitchell, J. L. : Study of Man 
During  a  56-Day  Exposure  to an Oxygen-Helium  Atmosphere  at  258  mm  Hg  Total 
Pressure. XI Oral,  Cutaneous,  and  Aerosol  Bacteriologic  Evaluation.  Aero- 
space  Med.,  vol. 37, no. 6, June  1966,  pp.  597-600. 
Evidence  of  staphylococcal  transfer  between  subjects  was  obtained,  but  the 
study  suggested no buildup  of  the  aerobic  microflora  of  the  skin  during  the 
experiment.  No  cumulative  increase or decrease  in  the  numbers of aerobic 
organisms in the  atmosphere was noted.  The  investigators  concluded  that  for 
esthetic  purposes  a  sponge  bath  daily  is  sufficient  to  keep  skin  microorganisms 
in check. 
Naval  Air  Engineering  Center,  Air  Crew  Equipment  Laboratory:  Report  of  Physiolog- 
ical,  Psychological,  and  Bacteriological  Aspects  of ‘LO Day  in  Full  Pressure 
Suits, 20 Days  at  27,000  Feet  at i O O %  Oxygen,  and 34 Days  of  Confinement. 
NASA CR-65-394, 1966. 
Bacteriological  studies  indicated  that  although  there  was  a  general  buildup  of 
microorganisms on the  bodies of the  subjects  and in their  respective  environ- 
ments,  this  posed no special  problem.  However, a warning  note  was  sounded. 
The  isolation  of  Shigella  Poly B, Bethesda-Ballerup,  and  a  coagulase  positive 
staphylococcus,  all  potentially  pathogenic,  would  seem  to  indicate  the  necess- 
ity  for  eliminating  all  potentially  pathogenic  organisms  from  a  proposed  space 
crew.  Although  there  was  minimal  interpersonal  transfer  between  subjects, 
overt  transfer can occur, and if  highly  virulent  organisms  were  introduced, 
the  resulting  effect  could  be  catastrophic  in  a  manned  spacecraft  environment. 
Prince, A.  E.: Personal  Hygiene  and  Sanitation  in  Aerospace  System.  Lectures in 
Aerospace  Medicine,  1967,  USAF  School of Aerospace  Med. 
The  author  surveyed  a  number  of  experiments  in  which  subjects  had  been  confined 
for  varying  periods  with  minimal  hygiene.  He  noted  most  marked  buildup  of 
organisms  at  the  toes  and  groin.  There  were  marked  variations  among  individuals, 
and  in  the  same  individual  at  different  times.  No  ill  effects  were  noted. He
recommended  skin  care  with  disposable  paper  wipes,  moistened  with  water, at the 
rate  of  three  per  day  per  person.  He  recommended  tooth  cleansing  with  a  tooth- 
brush  and  plain  water. 
Rack, J. F.;  and  London, S. A.:  Microbial  Flora of Normal  Human  Subjects  in  a 
Restricted  Environment.  USAF  Aerospace  Medical  Research  Laboratories  Techni- 
cal  Report  No. TR-66-59, Dec.  1965. 
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Subjects  were  confined  for  six  weeks,  wearing  the MA-10 full  pressure  suit 
half  the  time.  Skin  flora  changes  were  noted.  Preliminary  scrubbing  with 
hexachlorophene  soap on one  side  had  been  carried  out.  Three  pressure-suited 
subjects  showed  skin  lesions on the  feet,  on  the  side  not  previously  scrubbed 
with  hexachlorophene  soap. 
Riely,  P. E.: Effect  of  Simulated  Space  Conditions  Including  Diet  on  Microbial 
Profiles of Twenty  Subjects.  Paper  presented  at  the  37th  Annual  Meeting, 
Aerospace  Medical  Assn.  (Las  Vegas,  Nev.),  Apr.  1966. 
Subjects  were  maintained  for  four  week;  at  altitude,  with  minimal  hygiene  and 
on  space  rations  (freeze-dried).  Cultures  were  made  of  throats,  body  areas, 
and  stools.  There  was a buildup  in  skin  levels  for  23  days.  The  feet  became 
uncomfortable  in  some.  Persons  with  past  histories of athlete's  foot  had  re- 
currence. 
Baylor  Univ.:  Comprehensive  Biological  Protocol  for  the  Lunar  Sample  Receiving 
Laboratory.  NASA-CR-92209,  June  16,  1967. 
Coburn, K. R.: Report  of  the  Physiological,  Psychological,  and  Bacteriological 
Aspects  of  20  Days  in  Full  Pressure  Suits, 20 Days  at  27,000  Feet  on 100 Per- 
cent  Oxygen,  and 34 Days  of  Confinement.  NASA-CR-65394,  Apr. 1, 1966. 
Madri,  P.  P.:  Isolation of Acinetobacter  Anitratus  (Debord)  Brisou  and  Prevot, 
From Room Areas  and a  Human  Subject  in  a  Controlled  Activity  Facility. 
Aerospace  Med., vol. 38, no. 8, Aug.  1967,  pp.  799-800. 
Marsh,  J. T.: Experimental  Studies  on  Response to Viral  Infections.  Paper 
presented  at  Medical  Aspects of Stress  in  the  Military  Climate  Symposium, 
(Washington,  D. C . ) ,  Apr. 22-24, 1964. 
Mason,  E. E.; and  Wilson, C.H.: Contaminants  from  Manned  Spacecraft  Simula- 
tions.  NASA-  SP- 101 , 1965. 
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COMBINED  FACTORS  (SPACE  OPERATIONS) 
In  actual  space  operations it is  impossible  to  separate  the  effects 
of the  many  factors  which  differ  from  chamber  operations on the  ground -- 
weightlessness,  confinement,  changes  in  atmospheric  pressure  and  composition, 
as  well  as  emotional  stress  factors  and  possibly  fatigue  resulting  from  de- 
manding  pre-flight  schedules.  Nevertheless,  studies  on  man,  in  actual  space 
missions,  give  promise  of  the  only  valid  information  which  can  be  obtained 
on the  question  of  whether  or  not  spaceflight  conditions  have an influence  on 
resistance  to  infection. 'Fortunately, studies  have  been  begun  which  may  be 
of  predictive  value.  Opportunities  exist  for  approaches  which  may  yield  truly 
meaningful  information. 
Imaginative  approaches  to  this  problem  were  reported  by  the  Soviet 
scientists  some  years  ago.  Alekseyeva (1965) reported  studies  on  astronauts 
in  their  Vostok series,  which  included  lysozyme  determinations,  studies  on 
phagocytosis,  and  throat  and  skin  cultures. All were  performed  before  flight, 
following  flight,  and  some  at  intervals  thereafter.  Changes  in  all  parameters 
were seen, but  it  was  admitted  that  they  were  insignificant  because  they  did 
not  reflect  any  weakening  of  resistance  to  infection.  Nefedov,  et  al.  (1966) 
reported  exchange  of  microorganisms  among  occupants  of  space  vehicles,  con- 
tamination  of  the  living  environment,  and  "certain  shifts"  in  immunological 
reactivity,  characterized  by  disruption  of  the  bactericidal  activity  of  the 
skin  cover,  reduction  in  the  phagocytic  activity  of  the  leukocytes  of  the 
blood,  and  decrease  in  lysozyme  of  the  saliva.  Unfortunately  in  the  Soviet 
reports  there  appears  to  be  an  inclination  to  compare  results  of  pre-mission 
and  post-mission  studies,  and  to  consider  any  difference  as a significant re- 
sponse  to  in-flight  stress.  Long-term  studies  in  the  same  individuals  were 
not  referred  to.  It  would  have  been  desirable  to  follow  each  individual's 
measurements  over a long  period,  to  see  what  variations  might  have  been  noted 
without  the  stresses  of  space  flight.  More  meaningful  evaluations  of  changes 
following  flight  might  then  have  been  made. 
Berry, of  the  staff  of  the  Manned  Spacecraft  Center  published  preliminary 
reports  (1967)  on  studies  conducted  in  connection  with  Apollo  VI1  and  VIII, 
Berry  et  al.  (1969)  later  added  some  preliminary  data  from  Apollo  IX.  It  was 
notable  that  communicable  diseases  figured  prominently  among  the  medical  prob- 
lems of the  astronauts  in  these  missions,  but  the  presence  in  Houston  and 
Cape  Kennedy  areas  of a succession  of  waves  of  respiratory  diseases  made  trans- 
mission  to  the  astronauts  almost  inescapable.  Plans  had  been  made  earlier  for 
isolation  of  crews  for  quarantine  periods  before  each  mission,  but  the  indi- 
vidual  astronauts'  pre-mission  responsibilities  had  interfered  with  this  effort. 
Instead,  an  attempt  had  been  made  to  maintain  an  informal  and  partial  restric- 
tion  of  contacts  with  strangers.  Even  this  proved  difficult  to  enforce.  The 
three  cases of in-flight  colds  should  not  have  been  unexpected  under  these  cir- 
cumstances,  and  could  scarcely  have  been  attributed  to  the  stresses  of  flight. 
Recovery,  fortunately,  was  prompt,  without  jeopardy  to  the  mission.  Some  con- 
cern  regarding  the  outcome  is  warranted,  however,  in  case  one  or  more  of  the 
astronauts  had  been  exposed  to  an  agent of more  serious  disease.  Numerous  epi- 
sodes  occurred  during  that  period when  extremely  debilitating  diseases were 
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seen  to  spread  through  groups of people.  Had  some  of  the  winter's  more 
severe  illnesses -- some of  which  responded  poorly  to  treatment -- oc- 
curred  in  flight,  there  might  indeed  have  been  serious  impairment  of  the 
team's  function. 
Some  transfer  of  throat  microorganisms  during  flight  was  reported  by 
the  Manned  Spacecraft  Center  group. In  addition,  in a number  of  instances, 
organisms  of  uncertain  pathogenicity  were  found  in  greater  numbers  after  the 
flight  than  before.  It  was  reported  that  "there  were  changes  occuring  which 
allowed  some  organisms  to  come  to  the  fore."  Actual  numbers were  not  given 
in  the  oral  report,  nor  were  any  long  term  studies  reported.  If  the  changes 
were  significant,  it  is  uncertain  whether  they  realllted  from  changes  in 
oxygen  tension  in  the  hyperoxic  atmosphere,  humidity,  or  possible  other 
stresses of the  flight.  Several of these  factors  could be evaluated,  in 
humans,  in  chamber  experiments  on  the  ground. 
Interesting  studies  on  serum  protein  functions,  lymphocyte  responses, 
and  RNA  and  DNA  synthesis  have  been  begun  in  connection  with  the  Apollo 
missions. No changes  were  noted  in  Apollo VI1 or VIII. Cellular  changes 
were  considered  to  have  been  associated  with  illnesses  in  flight. 
In-flight  infections  were  not a problem  in  Apollo  missions 10 or 11. 
At  the  time  of  neither  launch were  significant  outbreaks of disease  in  pro- 
gress on the  ground.  Moreover, a reasonably  effective  pre-flight  quarantine 
was  maintained  prior  to  Apollo  11.  These  observations  suggest  that  environ- 
mental  conditions,  of  durations so far  experienced,  do  not  significantly 
lower  resistance  to  infection  or  enhance  the  relative  pathogenicity  of or-
ganisms  carried  by  crew  members. 
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The fo l lowing  s tudies  were ca r r i ed  ou t  on Vostok crew members before and 
a f t e r  t h e i r  r e s p e c t i v e  f l i g h t s  : (1) Lysozyme con ten t  o f  s a l iva ,  (2) 
Phagocytosis by neutrophils,  and impression smears of the buccal  mucosa, 
and ( 3 )  Cultures from the pharynx and the skin of the forearm. 
LYSOZYME STUDIES: During  the  pre-launch  period, lysozyme i n c r e a s e d   i n  
first p i l o t s  and copilots.  Three  days  before  launch  Gagarin  and  Nikolayev 
showed d i s t i n c t  i n c r e a s e s .  Only Gagarin showed i n c r e a s e  i n  lysozyme a f t e r  
t h e  f l i g h t .  
PHAGOCYTOSIS: Levels were s table  during launch and pre- launch per iods,  
and normal i n  most  ins tances ,  though ac t iva ted  a f te r  f l igh t  in  Gagar in ,  
Titov,  and  Popovich.  Studies on t h e  o r a l  mucosa showed no c o n s i s t e n t  o r  
s ign i f icant  changes .  
CULTURES: Organisms on t h e  s k i n  and i n  t h e  t h r o a t  were wi th in  normal 
limits, though i n  T i t o v  t h e  number of organisms i n  t h e  t h r o a t  on the  
t en th  day a f t e r  l a n d i n g  were 100 times t h e  number three days before  
launch.  Bacter ic idal  property of  the skin was sa id  to  have  been  activa- 
ted in Nikolayev and Popovich during the training period; in Gagarin,  dur- 
ing  the  weeks a f t e r  f l i g h t ,  b u t  t he re  w a s  some l a b i l i t y  23 months a f t e r  
t h e  f l i g h t .  
"These  immunological  changes were t r ans i en t  and ,  fo r  p rac t i ca l  pu rposes ,  i n -  
s ignif icant  because they d i d  n o t  r e f l e c t  any weakening of resistance t o  m i -  
crobes.  The fact   that   these  changes  were much less pronounced i n  Nikolayev 
and  Popovich i n d i c a t e s  t h a t  cosmonauts  can  adapt  during a t h r e e  t o  f o u r  day 
f l i gh t .  S igns  o f  s t imu la t ion  do  no t  appea r  a t  a l l ,  or are compensated  by 
the  end  of  the  f l igh t .  I' 
Berry,  C. A. :  Preliminary  Clinical   Report   of  the  Medical Aspects of  Apollo 
V I 1  and VIII. Aerospace Med., vol.  40, no. 3 ,  Mar. 1969, pp. 245-254. 
In  Apollo V I I I ,  t h e  commander had an episode of nausea, vomiting, and head- 
ache. It was uncertain whether  this  was a v i r a l  g a s t r o e n t e r i t i s ,  which  had 
been prevalent  pr ior  to  launch,  or  a r eac t ion  to  secona l .  
In Apollo V I I ,  a l l  t h ree  had connnon colds,  causing concern for middle ear 
a e r a t i o n  on descent ,  s ince  no s inus  dra inage  occurs  in  the  weight less  s ta te .  
Immunologic s t u d i e s  (a survey of serum protein functions.  lymphocyte response,  
and RNA and DNA syn thes i s )  showed no changes pre- and post-fl ight.  
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Some changes  occur i n  b a c t e r i a l  and  fungal   f lora .  They vary from ind iv idua l ,  
b u t  t h e r e  a r e  t r a n s f e r s  from man t o  man. There i s  enhancement of  the  growth 
of such gram-positive organisms as Staphylococcus aureus and beta streptotocci,  
and some inhib i t ion  of  cer ta in  groups  wi th in  the  anaerobic  f lora .  
There  were some seborrheic 1esi .ons of the face and scalp.  
Berry,  C .  A . ;  Jernigan,  C .  A . ;  Rumel,   J . ;   Johnson, R ;  Fischer ,  K . ;  Leach, C; 
Mack, P , ;  Mcqueen, J . ;  Ferguson, J. K . ;  Barnes, C . :  Report on Apollo 
Manned ;<pace  Flights.  Aerospace  Medical  Association  Meeting.  (Panel Dis- 
cussion a t  40th Annual  Meeting (San' Franc isco ,  Cal i f . ) ,  May 1969.) 
In  o ra l  r epor t s  by  D r .  Berry  and members of h i s  s t a f f ,  f i n d i n g s  from Apollo 
I X  were added to  those  of  V I 1  and VIII, a number of which were mentioned i n  
the   publ ica t ion   c i ted   above   ( re ference  2 ) .  Much of   the   de ta i led   mater ia l  
from Apollos I X  s t i l l  awaited processing and analysis on the date  of  the 
p re sen ta t ion  (May 8, 1969).  Nevertheless, a number of  important  observa- 
t ions  re la ted  to  the  problem of  res i s tance  to  infec t ion  were  presented .  
It was noted that  Apollo missions V I I ,  V I I I ,  and I X  were conducted through 
the winter  season when repeated waves of inf luenza and other  respiratory 
d iseases  were  in  progress  in  Houston  and/or Cape Kennedy. Among the  pre-  
f l i gh t  s tud ie s  in  the  th ree  mis s ions ,  he rpes  simplex v i r u s  was found i n  two 
persons ,   bu t   th i s  was o f   unce r t a in   s ign i f i cance .   In   f l i gh t ,   t he re  were among 
the three missions three cases  of  coryza- l ike symptoms,  and  one  of  aphthous 
s tomat i t i s .   Fo l lowing   there  were: One case   o f   gas t ro-en ter i t ies ,   suspec ted  
of being food-borne, one c a s e  o f  r h i n i t i s  from  which inf luenza B v i r u s  was 
recovered, and three cases of influenza l ike syndromes. 
Bac te r io log ica l   s tud ie s :   In   Apo l lo  VII, a s t rep tococca l   spec ies  was pre- 
s e n t  i n  t h e  t h r o a t s  o f  a l l  t h ree  a f t e r  t he  mis s ion ;  i t  had not been p r e -  
s e n t  i n  t h e  t h r o a t s  of any  before,  though one had  had i t  on h i s  s k i n .  Mem- 
bers  of  the genera Staphylococcus,  Herel la ,  and Aspergi l lus  were more 
numerous af ter   than  before   the  mission.   In   Apollo VIII, one a s t ronau t  
only had a E. pneumoniae both  before  and  af te r  the  miss ion;  th i s  was a p -  
parent ly  not  passed t o  t he  o the r  two. Mimae and  Herellae  were more nu- 
merous a f t e r  t h e  f l i g h t .  I n  A p o l l o  I X ,  s taphylococci   and  s t reptococci  were 
no problem, though Herellae were cultured after the mission, and there 
was a buildup  of  Aspergil lus.  I t  was stated  that   "There  were  changes 
occurring which  allowed some organisms t o  come t o  t h e  f o r e . "  The need f o r  
i n - f l i g h t  c o l l e c t i o n  and preservation of specimens w a s  acknowledged. 
Nefedov, Y.  G . ;  Zaloguyev, S. N . ;  Shilov, V .  M . ;  and  Borshchenko, V .   . :  
The Problem of the Formation of the Habitational Environment of the Cabin 
of a Space Ship.  Problems  of  Space  Medicine (U.S .S .R. ) ,  1966, p .  286. 
Using  phage typing and s e r u m  typing, an exchange of microorganisms was 
demonstrated. 
Along with bacterial  contamination of the l iving environment,  there were 
c e r t a i n  s h i f t s  i n  t h e  immunological reactivity,  characterized by dis- 
rup t ion  o f  t he  bac te r i c ida l  ac t iv i ty  o f  t he  sk in  cove r ,  r educ t ion  in  the  
phagocyt ic  act ivi ty  of  the leukocytes  of  the blood,  and decrease in  
lysozyme o f  t he  sa l iva .  
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RADIATION:  Experience  in  manned  space  missions  through  Apollo  -11  indicated 
that  doses  of  radiation so far  encountered  have  not  been  high  enough  to 
have  any  effect  on  susceptibility  to  infection.  Greatly  prolonged  lunar  or 
space  missions,  however,  might  introduce  possible  hazards  from  doses  of 
radiation which, without  protection,  might  adversely  affect  resistance  to 
infection. 
CHANGES  IN  ATMOSPHERIC  PRESSURE  AND  COMPOSITION:  One  wishes  that  infor- 
mation  were  available  which  would  fill a simple  matrix  and  would  show  the 
effects,  in man, of  reduced  pressure  and  altered  oxygen  tensions  mechanisms 
of resistance  to  infection.  Unfortunately  no  valid  scientific  information 
on these  effects  in  man  is  available.  One  is  without a basis  for  refuting 
the  concept  developed  by  some  during  the  fall  and  winter  of  1968-69  that 
"something  was  happening"  to  reduce  the  astronauts'  resistance  to  infection. 
The  principal  body  of  information  relating  to  these  possible  effects  is 
based  on  experiments  with  lower  animals.  Even  among  these  reports  of  animal 
experiments,  not  only  are  there  serious  gaps  in  the  matrix  of  desirable  in- 
formation,  but  there  are  conflicting  reports  and a puzzling  lack  of  consis- 
tent  effects.  Evaluation  of  the  literature is made  difficult  by  the  fact 
that  each  investigator  has  introduced  factors  slightly  different  from  those 
studied  by  any  other, so that no one's  results  are  really  comparable  with 
those  of  anyone  else.  The  confusion  is  emphasized  by  reviewing  briefly  the 
results  of  work  with  different  agents. 
In studies oninfectionof mice  with  influenza  virus,  two  different in- 
vestigators  reported  that  altitude,  with  hypoxia,  increased  resistance, 
while  others  reported  that  it  decreased  resistance. 
In the  case  of  infection  with Sal. typhimurium,  one  investigator  reported 
that  reduced  pressure,  with  corresponding  reduction  in  oxygen  tension,  prior 
to  challenge  reduced  resistance.  Other  investigators  used  normal  oxygen 
tension  and  exposed  the  animals  to  reduced  pressure  after  challenge,  and 
noted no influence  on  resistance. 
In studies  with  Staph.  aureus,  one  investigator  reported  that  exposure 
to  reduced  pressure  prior  to  subcutaneous  infection  unfavorably  influenced 
the  ensuing skin lesions.  Another,  using  the  intraperitoneal  route  for in- 
fection,  reported  that  exposure  to  reduced  pressure  had no effect  on mor- 
tality  of  the  mice. 
Infection  with  Venezuelan  equine  encephalomyelitis  was  found  not  to  be 
significantly  influenced  by  prior  exposure  to  reduced  pressure,  though  the 
investigators  felt  that  there  was  "trend  toward  higher  mortality" in 
the  altitude-exposed  group. 
In  experiments  with  mengovirus,  it  has  been  reported  that  resistance  is 
reduced  if  animals  held  at  altitude  (normoxic)  prior  to  challenge  and  are 
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then  kept  at  ground  level  following  challenge,  or  if  those  held  at  ground 
level  prior  to  challenge  are  taken  to  altitude  after  challenge.  Those 
kept at  altitude  before  and  after  infection  were  as  resistant  as  those 
kept at  ground  level  throughout  unless  they  were  held  at  ground  level  for 
one  hour  before  being  returned  to  altitude.  The  mechanism  by  which an 
hour's  stay  at  ground  level  disturbs  the  mechanism  of  resistance  awaits 
explanation. 
In  experiments on infection  with K. pneumonia,  and  using  reduced  pres- 
sure  without  augmentation  of  oxygen  (hypoxic  environment)  investigators re- 
ported  that  exposure  to  altitude  for thee days  before  infection  increased 
resistance,  whereas  exposure  for 30 or 90 days  before  infection  decreased  it. 
When  the  experiments  were  carried  out  with a normoxic  environment,  exposure 
to  altitude  for  three,  seven,  or 30 days  before  challenge  reduced  resistance. 
In  studies  on  infection  with E. tularensis,  results  have  been  reported 
which  are  equally  difficult  to  explain.  Looking  first  at  exposure  to alti- 
tude  with a hypoxic  environment,  it  is  reported  that  intermittent  exposure 
before  challenge  lowers  resistance,  whereas  intermittent  exposure  after 
challenge  has no effect.  Changing  to  continuous  exposure  reverses  the 
phenomenon;  i.e. , exposure  before  challenge has no  effect,  but  exposure  after 
challenge  lowers  resistance.  Changing  the  environment  to  normoxic  produces 
a change  again,  in  that  exposure  after  challenge  has  no  effect  on  resistance. 
With a hyperoxic  environment,  however,  exposure t o  altitude  either  before  or 
after  challenge  reduces  resistance. 
In  studies  on  immune  responses,  some  investigators  have  reported  an ap- 
parent  stimulation of antibody  production  in  animals  at  altitude,  others 
have  reported no effect, and  still  others  have  reported  an  impairment  of  im- 
mune  responses. In one  experiment  in  which  impairment  of  immune  responses 
was  found  in  animals  held  at  reduced  pressure  with a hyperoxic  environment, 
the  same  impairm.?nt  was  found  in  animals  held  in a chamber  with  normal 
ground  level  pressure  and  atmospheric  composition.  The  authors  suggest  that 
noise,  vibration,  darkness/light, o r  other  stresses  may  have  been  associated 
with  confinement  in  the  altitude  chamber.  They  express  the  view  that  such 
stresses  may  perhaps  have b er!  present in the  experiments  of  some  other in- 
vestigators. 
The  finding  of  impaired  immune  response  by  simple  placement  of  animals  in 
a  chamber,  with  normal  atmospheric  pressure  and  composition,  may  indeed ex- 
plain  many  of  the  inconsistencies  noted  above. It is  doubtful  that  due at- 
tention  has  been  given  to  duplication,  in  test  and  control  cnimals,  of l 
stresses  save  those of altered  atmospheric  pressures  and  composition. 
Regardless  of  any  possible  effects  in  animals,  the  applicability  to man 
of conclusions  based  on  animal  work  is  uncertain  indeed. 
SPACE FOODS: There  is no evidence  to  suggest  that  special  foods  developed 
for  use  in  manned  space  operations  have  any  influence  on  resistance  to  infec- 
tion. A suggestion  has  been  made  that  shifts in gastrointestinal  flora, in 
response  to  the  use of these  special  foods,  may  lead to a reduced  potential 
for  endogenous  production  of  B-vitamims. If this  occurs,  it  is  not  likely 
to  be  of  clinical  significance  if  dietary  vitamim  content  is  maintained. 
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UEIGHTLESSNESS: In  the  presence  of  upper  resp i ra tory  t rac t  in fec t ion  com- 
p l i ca t ed  by  s inus i t i s ,  t he  l ack  o f  g rav i ty  may be responsible for impairment 
of sinus  drainage.  This  problem makes doubly important the pre-fl ight quaran- 
t i ne  o f  a s t ronau t s  t o  avo id  con t r ac t ion  o f  r e sp i r a to ry  d i sease ,  and the pro-  
v i s ion  of  appropr ia te  nasa l  deconges tan ts .  A hypothe t ica l  hazard  relates t o  
the bui ldup , in  spacecraf t  a tmospheres  , of organisms discharged from respira- 
t o r y  tracts o f  t he  a s t ronau t s ,  s ince  f a l lou t  o f  particles is  reduced. The 
existence or magnitude of this problem can be studied when space and techniques 
al lot7 in-f l ight  col lect ion of  a tmospheric  samples. 
CONFINEMENT WITH MINIMAL HYGIENE: 'Space vehicles  through the Apollo series 
have  sub jec t ed  the  a s t ronau t s  t o  a considerable degree of overcrowding, which 
makes inevi table  the exchange of  respiratory tract f l o r a ,  a phenomenon a l s o  
s e e n  i n  chamber studies.  This prospect again emphasizes the importance of 
pre-f l ight  quarant ine of  crew members, t o  minimize the l ikel ihood of ca r ry ing  
a r e sp i r a to ry  d i sease  aboa rd .  
Prolonged chamber s tudies  have emphasized the potent ia l ,  in  the absence 
of u sua l  oppor tun i t i e s  fo r  sk in  c l eans ing ,  fo r  sk in  d i so rde r s ,  most notably 
of t h e  f e e t .  
COMBINED FACTORS (ACTUAL SPACE  OPERATION): Exchange  of r e s p i r a t o r y  tract 
f l o r a  among crew members has  been reported in  both U. S. and Russian opera- 
t i o n s ,  and  "changes  which  allowed some organisms t o  come t o  t h e  f o r e . "  The 
most s t r i k i n g ,  and t o  some t h e  most Ominous, experience ~7as the development 
of communicable d iseases  by  as t ronaut  crew members of Apollo 7,  8, 9 ,  i n -  
f l i g h t  o r  p o s t - f l i g h t .  Some workers f e l t  t h a t  t h i s  e x p e r i e n c e  r e f l e c t e d  a 
probable  impairment  of  resistance  by  environmental stresses i n  f l i g h t .  On 
the other hand, however,  complete pre-fl ight quarantine v7as n o t  a t t a i n e d ,  
and waves o f  r e s p i r a t o r y  d i s e a s e s  ~-7ere in  p rogres s  a t  Houston and Cape 
Kennedy.  Comparable i l lness  might  have been developed by the astronauts  
a t  t h e  same time even i f  t h e y  had  no t  pa r t i c ipa t ed  in  the  mis s ions .  The 
experience in  Apollo 11 ~7as q u i t e  d i f f e r e n t ;  t h e r e  were no  in - f l i gh t  o r  
pos t - f l igh t  in fec t ions  which  could  have  been  a t t r ibu ted  in  any  ~7ay  to  en-  
v i ronmenta l   condi t ions   o r   in - f l igh t  stresses. Unfortunately,  one  can 
no t  be  ce r t a in  o f  t he  f ac to r s  r e spons ib l e  fo r  t h i s  happy  outcome.  For t h e  
first time a reasonab ly  e f f ec t ive  p re - f l i gh t  qua ran t ine  of crew members had 
been maintained. However, in  the per iod preceding the mission there  had 
been  no  s igni f icant  ou tbreaks  of  resp i ra tory  d isease  in  progress  a t  Houston 
and Cape  Kennedy. This by no means d e t r a c t s  from the importance of pre- 
f l igh t  quarant ine  for  fu ture  miss ions .  This  exper ience  a t  least suggests 
that  environmental  conditions or stresses i n  f l i g h t  of durations thus far 
encountered do not  lower resis tance to  infect ions with organisms normally 
present ,  o r  enhance  the i r  pa thogenic i ty .  Fur ther  inves t iga t ion  in  man, 
bo th  in  a s t ronau t s  and i n  a l t i t u d e  chamber s u b j e c t s ,  i s  needed, hot7every 
before  ill e f f e c t s  of prolonged exposure to  spacecraf t  environment  can be 
ru led  out .  
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